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PHOTOCHEMISTRY OF PLATINUM AND IRIDIUM COMPEXES 
RELEVANT TO SOLAR ENERGY  
CONVERSION AND STORAGE 
Andreas Ross 
 
Prof. Paul R. Sharp, Dissertation Supervisor 
 
ABSTRACT 
The sun provides more energy in one day than we, as the whole human 
society, use in one year. That is why, the utilization of solar energy is of great interest.  
Photovoltaic cells are the most wide spread and the cheapest method to convert solar 
into electricity. This approach, however, lacks efficient and inexpensive energy 
storage. Efficient conversion and storage of solar energy is key to establish it as an 
alternative energy source to the existing fossil and nuclear power plants. Inorganic 
chemistry, especially photochemistry of transition metals, provides a way to directly 
convert and store solar energy in chemical energy. The metal complexes are used as 
catalyst to split stable molecules.  Most often this concept is applied to splitting of 
water into molecular hydrogen and molecular oxygen. An alternative to water splitting 
is the splitting of hydrohalic acid (HX, X = Cl and Br) into molecular hydrogen and 
molecular halogen.  
The Sharp group is interested in photochemical processes of late transition 
metal complexes (Pt and Ir). The research group is focused in studying photoreductive 
 xvi 
 
elimination of X2 from high valent metal complexes in high oxidation states. In this 
thesis  the synthesis of a series of iridium(III) and platinum(IV) complexes, including 
fac-Ir(triphos)X3 (X = Cl, Br), Ir(PNP)Cl3, Ir(PNN)Cl3, [PtBr6]
2–, [PtCl6]2– and trans-
(PPh3)2(CO)IrCl3 and their photochemistry is described.  
Photolysis of Ir(triphos)X3 (triphos = 1,1,1-
tris(diphenylphosphinomethyl)ethane; X = Cl, Br) yields an insoluble product 
believed to be oligomeric [Ir(triphos)X3]n with bridging triphos and halide ligands. 
Refluxing pyridine (py) dissolves the insoluble photoproducts ultimately yielding the 
dangling triphos complexes mer-Ir(κ2-triphos)(py)X3. Oxidation of the P center of the 
dangling arm of mer-Ir(κ2-triphos)(py)Cl3 yields mer-Ir(κ2-P,P-triphosO)(py)Cl3 
(triphosO = MeC(CH2P(O)Ph2)(CH2PPh2)2), which was characterized by single-
crystal X-ray diffraction. mer-Ir(κ2-triphos)(py)Cl3 is also formed when Ir(triphos)Cl3 
is photolyzed in the presence of py (ϕ = 26%). Both mer-Ir(κ2-triphos)(py)Cl3 and 
mer-Ir(κ2-P,P-triphosO)(py)Cl3 photoisomerize in pyridine to their thermally unstable 
fac-isomers. Density functional theory (DFT) and time-dependent DFT (TDDFT) 
calculations suggest triphos ligand arm dissociation occurs along a triplet pathway 
from an initial Franck−Condon ligand-field excited state that relaxes to a Jahn−Teller 
axially distorted octahedral triplet with a long Ir−P bond. Subsequent triphos arm 
dissociation yields a distorted trigonal-bipyramidal triplet that undergoes intersystem 
crossing to a square pyramidal singlet. 
Another family of iridium complexes with pincer ligands was investigated. 
The complexes (PNN)IrCl3 and (PNP)IrCl3 (PNN = 2-(di-t-butylphosphinomethyl)-6-
(diethylaminomethyl)pyridine and PNP = 2,6-bis(di-t-butylphosphinomethyl)pyridine) 
are inert for photoreductive elimination of Cl2 in the presence of a halogen trap. Novel 
(PNN)IrCl3 compound was prepared by a reported route for (PNP)IrCl3. (PNP)IrCl3 
 xvii 
 
undergoes -hydrogen elimination under prolonged photolysis to form iridacycle [2-
[[[6-[[bis(1,1-dimethylethyl)phosphino-κP]methyl]-2-pyridinyl-κN]methyl](1,1-
dimethylethyl)phosphino-κP]-2-methylpropyl-κC]dichloroiridium. (PNN)IrCl3 
undergoes ligand exchange under photolysis in the presence of pyridine to form an 
ionic complex [(PNN)IrCl2(py)][Cl]. DFT studies of (PNN)IrCl3  and (PNP)IrCl3 
predicted halide dissociation in the triplet excited state. Reductive elimination of Cl2 
and formation of (pincer)Ir(I)Cl is not favorable due to low–lying triplet energy which 
is predicted by the DFT studies. Cationic complex [cis-(PNP)IrCl2]
+ shows agostic 
interaction of metal with the methyl hydrogen of the tBu group on the phosphine in the 
calculated ground state structure. [cis-(PNP)IrCl2]
+ is a key intermediate for formation 
of the iridacycle.  
Further a series of L2LʹIrX3 (L = NF3, NH3, NMe3, PF3, P(CF3)3, PH3, PMe3, 
P(OMe)3, P(OPh)3, dmpe = 1,2-bis(dimethylphosphino)ethane, dppe = 1,2-
bis(diphenylphosphino)ethane, CNC = 2,6-bis-(imidazolylidenemethyl)pyridine and 
CCC = 2,6-bis-(imidazolylidenemethyl)benzene; Lʹ = CO, PMe3; X = Cl, Br and OH) 
complexes were investigated for their photoreductive elimination of X2 via DFT 
calculations. Computed results suggested that complexes of the type of trans-
L2(CO)IrX3 (L = PH3, P(OMe)3, P(OPh)3; X = Cl and Br) are good candidates for 
experimental analysis. Photolysis of trans- (PPh3)2(CO)IrCl3 in the presence of an 
alkene trap yields the known trans-(PPh3)2(CO)IrCl2(H) but no direct photoreductive 
elimination to Cl2 and formation of trans-(PPh3)2(CO)IrCl is observed. 
Furthermore the photochemistry of the known complexes [PtX6][TBA]2 (X = 
Cl, Br) was investigated in dichloromethane. [PtCl6]
2–presumably forms a radical pair 
in the photo excited state and readily oxidize an alkene. Under the same conditions 
[PtBr6]
2- heterolytically photodissociates to bromide ion and [PtBr5]
–. Depending on 
 xviii 
 
the alkene type present (propylene, 1-hexene, norbornene) during photolysis [PtBr5]
– 
is reduced to Pt(II). Reduced Pt(II) than further reacts with propylene or 1-hexene to 
form Zeise’s salts. The pentacoordinated platinum complex is trapped with dmso 
(dimethylsulfoxid) and [Pt(dmso)Br5][TBA] is fully characterized via 
195Pt NMR, 1H 
NMR and single-crystal X-ray diffraction.                           
Reinvestigation of trans-(P(OPh)3)2(CO)IrCl and trans-(P(OPh)3)2(CO)IrBr 
revealed unexpected coincidence in 31P NMR, IR carbonyl stretch, and UV-visible 
absorption properties. XRD structure studies showed the complexes are isostructural, 
although the crystals are not isomorphous. The complexes were investigated via DFT 
and the TDDFT modeling which showed that the spectroscopic similarity can be 
attributed to the low-level halogen atomic orbital participation in key molecular 
orbitals, a balance between the halogen atom - and -donation to the iridium center, 
and phenoxy group dominance of the phosphorus atom electronic structure.  
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1. CHAPTER 1: 
INTRODUCTION 
Photochemical transformations of molecules are certainly among the most 
intriguing reactions in organic and inorganic chemistry. A major portion of the interest 
associated with those reactions develops from the unusual nature of the 
rearrangements occurring. They proceed differently than thermal reactions. Many 
important processes involve photochemistry.1 The first example is photosynthesis, in 
which most plants use solar energy to convert carbon dioxide and water into glucose, 
disposing of oxygen as a side product.2,3 Solar energy conversion and storage are the 
main photochemical contributions to conservation of the environment.4 
Two fundamental principles can be applied to understand photochemical 
transformations: The first law of photochemistry, the Grotthuss-Draper law (Principle 
of Photochemical Activation), states that light must be absorbed by a molecule to 
induce a photochemical reaction. The second law of photochemistry, the Stark-
Einstein law, states that for each photon of light absorbed by a compound, only one 
molecule is activated for photoreaction.5 The efficiency with which a given 
photochemical process occurs is given by its Quantum Yield (Φ). Photochemically 
excited molecules may be deactivated and not every excited molecule will result in the 
primary product. The quantum yield is specified for a particular event and may be 
defined as “the number of moles of a stated reactant disappearing, or the number of 
moles of a stated product produced, per number of photons absorbed by the 
reactant”.1,6-9   
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Photochemistry of transition metal complexes (Ir, Pt, Au) proceeds through a 
long-lived lowest energy triplet excited state and is accessible due to strong spin–orbit 
coupling.1,6 The majority of photo excited molecules lose their energy by non–
radiative or radiative decay. Non–radiative decay includes internal conversion (IC), 
intersystem crossing (ISC) or vibrations, rotations etc. Radiative decay occurs by 
fluorescence or phosphorescence. Fluorescence is the relaxation of the molecule from 
the lowest-energy singlet excited state (S1) to the ground state (S0) by emitting a 
photon. A similar process is observed for phosphorescence except the molecule 
relaxes from the lowest-energy triplet excited state (T1) to S0 (Figure 1.1).
1,6 
Photochemistry of metal complexes proceeds through dissociation, ligand exchange or 
redox processes.6    
             
 
Figure 1.1. Jablonski diagram for a late transition metal complex, illustrating excited–
state photophysical processes.  
 
 
Conversion and storage of solar energy are two of the most important 
technical applications of photochemistry and remain of great interest and topicality.10-
45 Several approaches to harvest solar energy will be reviewed below. One of them is 
photovoltaic cells which directly convert sunlight into electrical energy. Usually they 
are built from solid semiconducting materials.46-50 An indirect way of generating 
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electrical power is through conversion of solar thermal energy into electricity.50 The 
Gemasolar power plant (19.9 MW) in Spain is a good example of this technology.51,52 
Another novel technology is a thermal reaction, where the solar energy is used to heat 
(1200 °C) ZnO until the decomposition to Zn(g) and O2(g) becomes favorable. 
However, the separation of the two gases is difficult at high temperature and upon 
condensation the back reaction to ZnO is observed. Hence, in the industial scale 
process a reducing agent (i.e. coke, coal, biomass) is introduced to remove the oxygen 
and prevent the formation of ZnO.53 This method bears several advantages: the metal 
zinc can be safely transported as a “solar fuel”, used as a commodity (CO2 emision 
reduction), used as a source of high purity hydrogen gas and can be also applied in a 
zinc/air fuel cell for direct electricity production.53,54 Lastly, solar energy is efficiently 
converted into stored thermal energy by solar collectors.50 Mostly solar collectors find 
their application in private households to reduce utility cost. 
Electricity is also produced by a large number of fuel cells. There, chemical 
energy (O2 + CO or H2 to CO2 and H2O, respectively) is converted into electrical 
power. However, considering fuel cells as a green energy source will require more 
efficient hydrogen storage materials and especially the hydrogen production must be 
based on solar energy.49,55-57  
The storage of electrical energy is of importance in the solar energy 
conversion cycle. The storage methods can be combined in five technologies. One of 
them is hydroelectric energy storage.30 Compressed air energy storage technology is 
also a viable way to store electrical energy on a large scale.11 Batteries are considered 
mostly for small scale applications.30 Furthermore, novel technologies like flywheel 
energy storage machinery30 and superconducting magnetic energy storage provide 
another approach for storing excess electrical energy.30,49,58  
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Efficient conversion of solar energy into stored chemical energy is of great 
interest.19 In this application the solar photons are used to split stable molecules into a 
reduced component (reductant) and an oxidized component (oxidant) which are stored 
separately (stored chemical energy). The chemical energy is released as needed, for 
instance in a fuel cell. Most often this concept is applied to splitting of water into 
molecular hydrogen (reductant) and molecular oxygen (oxidant).29,59-61 An alternative 
to water splitting is the splitting of hydrohalic acid (HX, X = Cl and Br) into 
molecular hydrogen and molecular halogen (Scheme 1.1).12,62-64 This process is more 
advantageous over splitting of water (into H2 and O2) because water splitting is a 
complex four electron process, whereas HX splitting is a simpler two electron 
process.28,65 
     
Scheme 1.1. Photocatalytic hydrogen evolution.  
 
 
The first two steps in Scheme 1.1 are well known and understood. The third step in 
Scheme 1.1 represents a formidable challenge. First, there is a strong metal–halogen 
bond which will require much energy to separate. Secondly, the oxidation-reduction 
reactions involve one electron transitions in the excited metal complex. This provides 
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some limitations to achieve photoreductive elimination of X2 (step 3 in Scheme 1.1), 
which proceeds by a two electron process (four electron process for H2O splitting). 
Therefore, the excited metal complex must be coupled to an independent redox 
process to achieve multielectron reactivity. A distinction must be made between first 
row and third row late transition metals. In the former case only one electron 
processes are observed and for the latter two electron reactions are feasible due to the 
instability of intermediate oxidation states of the metal complexes (Scheme 1.2).    
 
Scheme 1.2. Photoreduction of transition metal complexes. 
 
 
For the past several decades the field of photochemistry was dominated by this 
approach.2,7,10,66-69 
Only in the 21st century has photoreductive elimination of halogen from high 
valent metal complex becomes more attractive. Major contributors in this field are the 
Nocera,10-32,34-37,70 Gabbai,38,39 and Sharp groups.41,42,44,45,71 Nocera and co-workers  
focus on photoreductive elimination of X2 in coupled bimetallic core complexes such 
as Rh2(dfpma)3Br4 (dfpma = bis(difluorophosphine)methylamine),
10 and Rh2(L)3X2 ( 
L = tfepma (bis[bis(trifluoroethoxy)phosphine]methylamine) and tfepm 
(bis[bis(trifluoroethoxy)phosphine]methane); X = Cl, Br).15 These complexes have 
proven to be poor photocatalysts for X2 photoreductive elimination due to low 
quantum efficiency ( = ~ 1 %). Interestingly, HX oxidative addition (step 1 in 
Scheme 1.1) and H2 evolution (step 2 in Scheme 1.1) are easily achieved in these 
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types of compounds.10,15,16,24,64 Subsequent fine tuning of ligands and core metals led 
to increasing quantum efficiencies for metal–halogen bond activation by the mixed 
metal system PtIII–AuII ( = 5.7 %, [PtAu(dppm)2PhCl3]PF6, dppm = 
bis(diphenylphosphino)methane) and PtIII–PtIII ( = 38 %, Pt2(tfepma)2Cl6) in the 
presence of an alkene trap (eq 1).22,23 The solid state photolysis of the diplatinum 
complex results in the reduced mixed valent PtI–PtIII compound and the evolved Cl2 
gas was identified by mass spectrometry. However, the authors failed to quantify the 
amount of Cl2 gas produced.
41 Presumably during photolysis chlorine radicals are 
generated which readily react with residual solvent in the solid state or with the 
glassware and no Cl2 was evolved. A series of monomeric and bimetallic gold 
complexes (AuIII(PR3)X3, Au2
I,III(-CH2(PR2)2)X4 and Au2III,III(-CH2(PR2)2)X6; R = 
Ph, Cy; X = Cl, Br) reductively eliminate X2 in the presence of an olefin at 20 °C. 
This is due to a small energy gap between starting complex and photoproducts. Thus, 
the stored solar energy in the metal–halogen bond is rather low in magnitude. 
However, photoconversion of Au(III) to Au(I) is cleaner ( = 10 % to 20 %) 
compared to the thermal reaction.28 Photocatalytic conversion of HX (X = Cl, Br) into 
H2 and trapped X2 was reported for a dirhodium complex with a 6.8 turnover number 
in 72 h.37      
 
 
eq 1 
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A new class of bimetallic complexes (main group / transition metal) was 
investigated by Gabbai and coworkers. The group was able to trap the Cl or Cl2 gas 
evolved during photolysis with sodium metal under inert atmosphere (eq 2). The 
amount of chlorine trapped was quantified by chloride analysis using ion 
chromatography (72 % of expected Cl was trapped).38,39   
 
 
eq 2 
 
Recently, the Sharp group discovered monomeric platinum(IV) complexes 
for photoreductive elimination of X2.
41,43-45 The highest quantum yield observed was 
for trans-(PEt3)2Pt(o-CF3Ph)Br3 (nm = 82 %) in the presence of a halogen trap. 
Strong evidence was provided for molecular Br2 photoreductive elimination.
51 A high 
quantum yield (nm = 58 %) was obtained for net chlorine photoreductive 
elimination for trans-(PEt3)2Pt(o-CF3Ph)Cl3.
43 Photoreductive elimination of 
hypochlorous acid (HOCl) and hydrogen trioxide (HOOOH) from high valent 
octahedral platinum complexes was also reported.44,45 Even though these platinum 
complexes have the highest quantum efficiency for X2 photoreductive elimination to 
date, none of the complexes can be directly applied in the photocatalytic cycle 
(Scheme 1.1).     
Photolytic driven processes like photoreductive elimination of X2 remain of 
high interest because it is a rare and poorly understood process. Hence, new metal 
complexes need to be investigated for photocatalysis. In particular, iridium based 
metal compounds are of interest in this work. Iridium metal was chosen because of the 
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facility of stable iridium(III) mono hydride complexes. Many iridium(III) mono 
hydride compounds react with HX to evolve H2 and a halogenated iridium 
complex.13,15,16,31,42 In the following chapters different approaches are presented for 
photoactivation of iridium(III) metal complexes.   
Previous photochemical studies of L3Ir(III)X3 (L = monodentate ligand; X = 
Cl, Br) led to isomerization or ligand exchange in these compounds.72 That is why we 
chose a tridentate ligand, namely triphos (triphos = 1,1,1-tris-
(diphenylphosphinomethyl)ethane), to prevent photoisomerization. The fac-
Ir(triphos)X3 complexes oligomerize under photolytic conditions. The DFT 
calculations provide a rational for experimental observations. A detailed discussion is 
presented in Chapter 2.  
Meridional metal trichloride complexes are formed when the triphos ligand is 
substituted by pincer ligands. The known Ir(PNP)IrCl3 (PNP = 2,6-bis(di-t-
butylphosphinomethyl)pyridine) and novel Ir(PNN)Cl3 (PNN = 2-(di-t-
butylphosphinomethyl)-6-(diethylaminomethyl)pyridine) were fully characterized. 
The photolysis and DFT results are presented in Chapter 3.  
In Chapters 2 and 3 we have shown that iridium(III) metal complexes with 
chelating ligands to form highly stable compounds which do not photoreductively 
eliminate X2. With that in mind, we decided to undertake a DFT investigation of IrX3 
(X = Cl, Br and OH) complexes with a variety of ligands (L = CO, NF3, NH3, NMe3, 
PF3, P(CF3)3, PH3, PMe3, P(OMe)3, P(OPh)3, dmpe = 1,2-
bis(dimethylphosphino)ethane, dppe = 1,2-bis(diphenylphosphino)ethane, CNC = 2,6-
bis-(imidazolylidenemethyl)pyridine and CCC = 2,6-bis-
(imidazolylidenemethyl)benzene). Surprisingly, carbonyl complexes are predicted to 
be the most facile systems for X2 photoelimination. In fact, a model system, trans-
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(PPh3)2(CO)IrCl3, was investigated for photoreductive elimination of X2. The results 
are summarized in Chapter 4. 
The interest to reinvestigate the photochemistry of [PtCl6][TBA]2 and 
[PtBr6][TBA]2 in dichloromethane originates from the fact that these complexes are 
the simplest analogues of trans-(PEt3)2Pt(R)X3, which readily photoreductively 
eliminates X2 in the presence of an halogen trap. However, the photochemistry of 
[PtBr6][TBA]2 in aqueous media seemingly deviates from the photochemistry of 
neutral  platinum(IV) complexes in organic solvents. That is why we prepared the 
known hexahalide platinum(IV) dianions with tetrabuthylammonium counter cations 
which are very soluble in dichloromethane. We find that photolysis of [PtCl6][TBA]2 
in the presence of an olefin always results in reduction to [PtCl4][TBA]2. However, 
photoreduction of [PtBr6][TBA]2 in the presence of an olefin showed strong 
dependency on the steric bulk of the alkene. [Pt(dmso)Br5][TBA] is the photoproduct 
when alkenes are substituted by dimethyl sulfoxide. The photoconversion and product 
formation were characterized by 195Pt NMR spectroscopy. The results are discussed in 
Chapter 5. 
 In Chapter 6 complexes trans-(P(OPh)3)2(CO)IrX (X = Cl and Br) were 
investigated. Their 31P NMR, IR, and uv-visible absorption spectra are virtually 
identical. This unusual behavior was examined by DFT and TDDFT analysis.  
The main results of this thesis were presented at local and national American 
Chemical Society (ACS) meetings. Furthermore, this work resulted in three 
publications. Two were published in Inorganic Chemistry (Chapters 2 and 5) and the 
third has been accepted in Journal of Organometallic Chemistry (Chapter 6). 
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2. CHAPTER 2: 
TRIPHOS IRIDIUM(III) HALIDE COMPLEX 
PHOTOCHEMISTRY:  
TRIPHOS ARM DISSOCIATION 
2.1 Introduction 
We recently reported efficient net photochemical bromine elimination from 
Pt(IV) polyhalide complexes (eq 3),41 an important process in potential solar energy 
conversion and storage.24 Wishing to expand this chemistry to other transition metal 
d6-systems we became interested in the photochemistry of octahedral Ir(III) polyhalide 
complexes. 
 
 
eq 3 
 
Iridium(III) complexes are involved in a number of photochemical processes. 
Recently, they have been studied especially as phosphorescent dyes in the field of 
organometallic light emitting diodes (OLEDs) because of their excellent color 
tuning.73,74 Ford and co-workers75,76 observed photoaquation (eq 4) and photoinduced 
ligand exchange of iridium(III) complexes. Photoisomerization (eq 5)72,77,78 and 
photochemical reductive elimination of molecular oxygen, molecular hydrogen, and 
hydrogen chloride have also been reported (eq 6, XY = O2, H2, HCl),
79 the latter 
suggesting that Ir(III) complexes may also undergo halogen photoelimination. 
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eq 4 
 
 
eq 5 
 
 
eq 6 
 
To suppress isomerization (eq 5), we chose to investigate octahedral Ir(III) 
complexes with tridentate ligands that would disfavor ligand exchange and 
isomerization and perhaps show other photochemical processes such as halogen 
photoelimination (eq 6, X = Y = a halogen). Herein we report our photochemical 
investigation of iridium(III) trihalide complexes with the tripodal ligand triphos 
(1,1,1-tris-(diphenylphosphinomethyl)ethane), which locks in a fac configuration of 
the halide ligands. (For other examples of Ir tripodal phosphine systems see references 
80−83.) While the triphos complexes show rich dissociative photochemistry, halogen 
elimination is not observed. 
2.2 Results 
2.2.1 Synthesis and Characterization 
Known trichloro complex Ir(triphos)Cl3 (1) was prepared by a literature 
procedure (eq 7)84 and its molecular structure determined by single-crystal X-ray 
analysis (Figure 2.1). (The synthesis and structure of analogous fac-Ir(PMe3)3Cl3 was 
recently reported.85) Although not mentioned in the original synthesis of 1, in our 
hands known86 hydride complex Ir(triphos)Cl2H 2 was always present as a byproduct. 
This hydride complex is probably formed from the reaction of 1 with the 2-
methoxyethanol solvent, and prolonged heating of 1 in 2-methoxyethanol gives good 
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yields of 2 (eq 8). This probably also explains the need for NaCl in the synthesis of 1; 
excess Cl− would inhibit formation of alkoxo complexes with the 2-methoxyethanol 
and subsequent hydride formation. Leaving out the NaCl in the synthesis of 1 yields a 
black precipitate of unknown composition, probably from reduction of starting 
IrCl3(H2O)x prior to formation of 1. 
 
 
eq 7 
 
 
eq 8 
 
 
 
Figure 2.1. Solid-state structure of Ir(triphos)Cl3 1 (50% thermal ellipsoids, hydrogen 
atoms omitted and carbon atoms unlabelled). 
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The bromo analogue of 1, Ir(triphos)Br3 (3), is readily obtained from 1 in 
quantitative yield by heating (40 °C) 1 with KBr in freshly distilled acetone (eq 9). 
The same reaction in “bulk” acetone yields the bromohydride Ir(triphos)Br2H (4) (eq 
10). Again, hydride formation most likely involves alkoxo complexes, in this case 
from alcohol impurities in the acetone.  
 
 
eq 9 
 
 
eq 10 
 
 
Characterization of new Ir(triphos)Br3 (3) and Ir(triphos)Br2H (4) is through 
31P and 1H NMR spectroscopy and single crystal X-ray diffraction (4, see Appendix 
A). Complex 3 has a single resonance at  -37 in its 31P NMR spectrum87 (CH2Cl2). 
The 31P NMR spectrum87 (CD2Cl2) of 4 is very similar to that of 2 and shows two 
resonances in a 2:1 ratio, a doublet (JPP = 11.2 Hz) at  -13.1 and a triplet at  -50.8. 
The 1H NMR spectrum (CD2Cl2) shows a hydride resonance at  -8.78 as a doublet of 
triplets (d: JHP = 181 Hz, t: JHP = 8.8 Hz). 
UV-vis spectra for the trihalo complexes 1 and 3 are presented in Figure 2.2. 
As expected for the white to pale yellow complexes, strong absorption is only 
observed in the uv region with weak tail-offs into the visible. 
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Figure 2.2. Uv-vis spectra for Ir(triphos)Cl3 1 (black dashed line) and Ir(triphos)Br3 3 
(red solid line) in dichloromethane.  
2.2.2 Photochemistry 
Photolysis (313 nm) of 1 or 3 in the presence or absence of 1-hexene causes 
the yellow solutions to bleach and a pale yellow precipitate (5 and 6, respectively) to 
form (eq 11). Precipitates 5 and 6 are formulated as oligomeric forms of 1 and 3 (see 
below) and can be converted back to Ir(triphos)Cl3 (1) and Ir(triphos)Br3 (3) simply 
by refluxing in 2-methoxyethanol for 16 h (eq 11). Refluxing for longer periods (48 h) 
yields hydride complexes Ir(triphos)Cl2H and Ir(triphos)Br2H (see eq 8). 
 
 
eq 11 
 
Elemental analysis, solid state IR, and 31P NMR spectroscopy were used to 
more completely characterize photoproduct 5. Elemental analysis of 5 is essentially 
identical to 1 except with incorporation of small and variable amounts of solvent 
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(CH2Cl2) that could not be removed in vacuo but were detected (
1H NMR) by 
dissolving (see below) the solid in pyridine-d5. The KBr pellet IR spectrum of 5 and 1 
are also essentially identical (Appendix A) suggesting that the triphos ligand is intact 
in the photoproduct. The far IR (mineral oil mull) spectra, however, differ (Appendix 
A). That of 1 shows two Ir–Cl stretching bands at 303 and 278 cm-1, characteristic of 
facial terminal chloro ligands trans to phosphine ligands.88-91 The far IR spectrum of 5 
also shows bands at 303 and 278 cm-1 but strong, broad bands also appear at higher 
energy (324 and 317 cm-1) and lower energy (264 cm-1). The higher energy bands 
indicate the presence of chloro ligands trans to weaker donors than a phosphine ligand 
(e.g. terminal or bridging chloro ligands) and the lower energy band is consistent with 
bridging chloro ligands. The solid-state 31P NMR spectrum of 5 shows multiple broad 
peaks from  9 to -90 suggesting multiple environments for the P centers in solid 5 
(Appendix A). The largest peak occurs at -32 in a region similar to that for 1 and 3 
in solution.  
Precipitates 5 and 6 are generally insoluble but dissolve in pyridine to give 
initial 31P NMR spectra with a plethora of peaks (Appendix A) indicating a complex 
product or mixtures. Heating a pyridine solution of 5 at 120 °C (sealed tube) under 
argon overnight gives a single product identified as the dangling triphos complex mer-
Ir(2-triphos)(py)Cl3 (7) (eq 12). Complex 1 is stable under these conditions indicating  
 
 
eq 12 
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that 1 is not a product of dissolving 5 in pyridine. The 31P NMR spectrum of 7 in 
CDCl3 or CH3NO2 shows the dangling phosphine group as a broad peak at  -26.6, 
near the signal for free triphos ( -25.3). The coordinated phosphine group signals are 
found at  -29.1 and -41.0 and are coupled to each other (2JPP = 24 Hz). Surprisingly, 
the signal at  -29.1 shows weak coupling to the dangling phosphine group (4JPP = 2 
Hz). In pyridine or benzene, the coupling increases to 4 Hz and the dangling 
phosphine group signal sharpens into a doublet, also with 4 Hz coupling. 1H NMR 
signals for one of the three diastereotopic triphos methylene groups are broad in 
CDCl3 and probably belong to the dangling phosphine group. The changes in P-P 
coupling and broadness of the dangling phosphine group signals is likely due to 
hindered rotation about the C–C and P–C bonds of the dangling phosphine group with 
two or more rotational conformations.  The lowest energy conformation must be such 
that four-bond P–P coupling is possible, but the coupling is lost in other 
conformations. (Conformation-dependent, long-range P–P coupling has been 
previously observed.92) Consistent with this, heating a CH3NO2 NMR sample to 80 
oC 
causes collapse of the dangling phosphine group signal and complete loss of coupling 
to the Ir-bonded phosphine group. The favoring of the one conformation by pyridine 
and benzene is likely due to - interactions between the pyridine and the triphos 
phenyl rings. 
Complex 7 is oxygen sensitive and tends to undergo slow oxidation of the 
dangling phosphine group. (Dangling triphos ligand oxidation has been reported.93,94) 
Rapid oxidation of 7 with hydrogen peroxide gives mer-Ir(2-P,P-triphosO)(py)Cl3 (8, 
triphosO = MeC(CH2P(O)Ph2)(CH2PPh2)2) (eq 13), which readily yielded crystals 
suitable for X-ray diffraction analysis (Figure 2.3). NMR data for 8 are similar to 7 
except that the dangling phosphine group signal is absent and converted to a dangling 
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phosphine oxide group signal at  27.1 and all signals are sharp. Presumably, 
conversion of the dangling phosphine group to a phosphine oxide group results in a 
conformation that does not allow four-bond P-P coupling, although the change in 
oxidation state of the phosphorus center could also affect coupling. As with 8, heating 
the NMR sample causes collapse of the dangling phosphine oxide group signal 
indicating the presence of multiple conformations. 
 
 
eq 13 
 
 
 
Figure 2.3. Solid-state structure of mer-Ir(2-P,P-triphosO)(py)Cl3 8 (50% thermal 
ellipsoids, hydrogen atoms omitted and carbon atoms unlabelled). 
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Complex 1 also dissolves in pyridine but without reaction. However, 
photolysis results in efficient conversion, first to 7, but with continued irradiation a 
new product (9) grows in (Scheme 2.1). Continued irradiation, after 1 is completely 
consumed, converts 7 into 9. The 31P NMR spectrum of 9 in CDCl3 shows two peaks 
in a 1:2 ratio with the smaller peak ( -27.8) in the same region as the dangling 
phosphine group of 7. The larger peak ( -38.7) is in a similar region to that of one of 
the bonded phosphine groups of 7 and 8. (These peaks are assigned to a P atom trans 
to a Cl ligand.) Complex 9 is assigned as the facial isomer of meridional 7, that is fac-
Ir(2-triphos)(py)Cl3 with the py trans to a Cl instead of a P group as in 7 and 8. 
Similar to 7, 9 shows evidence of a conformation of the dangling phosphine group that 
gives rise to four-bond P-P coupling. In pyridine and benzene, coupling between the 
dangling phosphine group and the coordinated phosphine groups is evident and the 
coordinated phosphine group signal at  -38.7 becomes a doublet and the smaller 
signal for the dangling phosphine group becomes a triplet (JPP = 4 Hz). Complex 9 
slowly (days) reverts to 7 in solution and was always isolated with small amounts of 7. 
Complex 7 is also obtained from the 380 nm photolysis of 1 in dichloromethane with 
added pyridine. These conditions were used to avoid absorption by pyridine and to 
obtain the quantum yield (0.26±0.04) for the photolysis.  
 
Scheme 2.1. Photoisomerization of 7 into 9 
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When a CH2Cl2 solution of 1 is photolyzed with PPh2Et a new soluble 
product is formed (eq 14). Although not isolated, the 31P NMR spectrum is fully 
consistent with the formation of the PPh2Et analog of 7, mer-Ir(2-triphos)(PPh2Et)Cl3 
(10). The dangling phosphine signal is a singlet at  -28, the PPh2Et signal is a doublet 
of doublets at  -16.8 and shows very strong trans coupling (442 Hz) to one of the 
coordinated triphos P atoms and much weaker cis coupling (16 Hz) to the other 
coordinated triphos P atom. The coordinated triphos P atom signals are also doublet of 
doublets (trans to PPh2Et:  -35.6, trans to Cl:  -48.8) and with cis coupling to each 
other of 19 Hz. 
 
 
eq 14 
 
Prolonged (24 h) photolysis of a pyridine solution of 1 under air results in 
phosphine oxidation and formation of the facial isomer of 8, fac-Ir(2-P,P-
triphosO)(py)Cl3 (11, Scheme 2.2). Complex 11 is also formed in three other ways: 
when photoproduct 5 is dissolved in pyridine and then the solution is exposed to 
sunlight for six days in air, by photolysis of the meridional isomer 8, or by air 
oxidation of 9. The 31P NMR spectrum of 11 shows two peaks in a 1:2 ratio. The 
smaller peak is found at  25.7, in the same region as the dangling PO group of 8. The 
larger peak is observed at  -39.3, in the same region as that for the bonded P groups 
of 9. Facial 11 slowly (days) converts to meridional 8 at room temperature in 
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dichloromethane solution, or rapidly (min) at 100 oC in pyridine, indicating that, as 
with 7 and 9, the meridional isomer is the thermally more stable isomer.  
 
Scheme 2.2. Formation of fac-Ir(2-P,P-triphosO)(py)Cl3 11 
 
 
 
Table 2.1. Experimental and calculated mean metrical parameters (Å and degrees) for 
Ir(triphos)Cl3. 
Distance/angle
 a
 Experimental (1) 1
S6
 
Ir-P 2.303(4) 2.391(15) 
Ir-Cl 2.414(8) 2.475(10) 
P-Ir-P 89.0(4) 89.0(17) 
Cl-Ir-Cl 84.1(6) 86.6(13) 
P-Ir-Cl 93.4(16) 
176.0(4) 
92.2(32) 
 175.7(9) 
a
 Mean values with standard deviations 
 
2.2.3 DFT Calculations 
To better understand the photoactivity of the iridium(III) complexes a DFT 
study (M06/LANL2DZ (X = Cl) or B3LYP/LANL2DZ (X = Br)) was undertaken. 
The mean metrical parameters (Table 2.1) for the DFT optimized geometry 1S6 (3S6 for 
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the bromo analog) and the X-ray structure of 1 are in good agreement with the Ir-
ligand distances being slightly longer (4% or less) in the DFT structure. (The greater 
variation in the equivalent bond distances for the DFT structure (see esd’s) may be at 
least partly due to a slightly different phenyl ring arrangement resulting in different 
intramolecular contacts.)  Using the X-ray crystal structure coordinates of 1 as starting 
coordinates for triplet optimization yielded 5-coordinate 1T5 (Figure 2.4). Again 
starting from the X-ray crystal structure coordinates of 1 but changing the chloro 
ligands to bromo ligands (i.e. 3) gave 6-coordinate 3T6. Exchanging the bromo ligands 
of 3T6 for chloro ligands followed by optimization gave 6-coordinate triplet structure 
1
T6 (Figure 2.4) and exchanging the chloro ligands of 1T5 for bromo ligands gave 5-
coordinate triplet 3T5. Metrical parameters for the triplet structures are listed in Table 
2.2. The 5-coordinate triplet structures (1T5 and 3T5) show a 5-coordinate, distorted 
trigonal bipyramidal Ir center geometry with one arm of the triphos ligand completely 
dissociated. The coordinated portion of the triphos ligand occupies an axial (P1) and 
an equatorial (P2) position. The 6-coordinate triplet structures (1T6 and 3T6) show an 
axially distorted octahedral geometry with elongation of one set of trans Ir-P and Ir-X 
bonds (Ir-P3 and Ir-X3). The 5-coordinate chloro triplet (1T5) is isoenergetic with its 
6-coordinate analog (1T6) while the bromo 5-coordinate triplet (3T5) is 12 kcal lower 
than the 6-coordinate triplet (3T6). However, it is doubtful that the DFT energies are 
sufficiently reliable to determine relative ordering.95,96  A potential energy scan 
(redundant coordinate) extending the axial Ir-P distance in 1T6 indicates a low barrier 
of ~1 kcal for complete triphos arm dissociation and a facile conversion to 5-
coordinate triplet 1T5. The transition state was located (Appendix A) for the bromo 
system and is 1.0 kcal above the 6-coordinate triplet (3T6). 
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Figure 2.4. Optimized DFT (M06/LANL2DZ) 5- and 6-coordinate triplets 1T5 and 1T6 
(hydrogen atoms and phenyl rings omitted). 
 
Table 2.2. Metrical parameters (Å and degrees) for the 5- and 6-coordinate triplets. 
Distance/angle
a 
1
T6
 (X = Cl) 1
T5
 (X = Cl) 3
T6
 (X = Br) 3
T5
 (X = Br) 
Ir-P1  2.5006 2.3857 2.5054 2.4120 
Ir-P2 2.3901 2.4258 2.4495 2.4460 
Ir-P3 2.7768 4.7007b 2.8652 5.1938b 
Ir-X1 2.4170 2.4360 2.5471 2.6344 
Ir-X2 2.4941 2.4836 2.6369 2.5766 
Ir-X3 2.6194 2.4388 2.8293 2.5827 
P1-Ir-P2 88.09 88.64 88.15 89.29 
P1-Ir-P3 78.60 - 83.17 - 
P2-Ir-P3 88.16 - 86.15 - 
X1-Ir-X2 86.76 93.00 85.52 90.58 
X1-Ir-X3 97.00 94.00 97.74 90.85 
X2-Ir-X3 86.26 113.96 84.03 113.28 
P1-Ir-X1 178.08 179.00 177.87 177.62 
P1-Ir-X2 94.91 86.00 93.06 87.54 
P1-Ir-X3 82.18 86.40 84.68 88.56 
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P2-Ir-X1 90.38 91.77 93.06 92.80 
P2-Ir-X2 171.69 113.37 172.62 113.20 
P2-Ir-X3 101.84 131.88 103.34 133.32 
P3-Ir-X1 102.52 - 95.15 - 
P3-Ir-X2 84.85 - 86.76 - 
P3-Ir-X3 158.01 - 164.33 - 
a
 Atom numbering from Figure 2.4. 
b
 Dangling P. 
 
Mulliken atomic spin densities for the triplets are given in Table 2.3. In the 6-
coordinate triplets, spin density is located primarily on the Ir center, two of the 
halogen atoms and the elongated P atom (P3). Of the two halogen atoms with 
significant spin density, the halogen atom (X3) with the elongated bond dominates. 
This distribution and the geometry are consistent with a d6 Jahn-Teller distorted triplet 
excited state of primarily ligand field (LF) character with an unpaired electron in a t2g-
type orbital on the Ir center and an unpaired electron in an eg-type M-L antibonding 
orbital (dz2). On moving to the more stable trigonal-bipyramidal 5-coordinate triplet, 
spin density on the Ir center increases slightly and shifts away from the dangling P 
atom (P3) and the axial P (P1) and halogen (X1) atoms. 
 
Table 2.3. Triplet Mulliken atomic spin densities (atom numbering from Figure 2.4). 
atom
a
 1
T6
 1
T5
 3
T6
 3
T5
 
Ir 1.27 1.39 1.17 1.23 
P1 0.01 -0.03
b 
0.01 -0.02
b
 
P2 -0.01 0.10 -0.01  0.08 
P3 0.17 0.00
c
 0.17
a
 0.00
c
 
X1 0.15 0.06
b
 0.20 0.09
b
 
X2 0.02 0.27 0.01 0.35 
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X3 0.34
a
 0.19 0.42
a
 0.25 
a
 Atom numbering from Figure 2.4. 
b
 Axial ligand. 
c
 Dangling P.  
 
Optimization of the triplet structure of 1T5 as a singlet yielded square-
pyramidal, 5-coordinate Ir(2-triphos)Cl3 (1S5, Figure 2.5) at 25.3 kcal above 1S6 
putting it 17.8 kcal lower in energy than triplet 1T5. It is presumably 5-coordinate 1S5 
that is trapped by py or PPh2Et or in the absence of a trapping ligand oligomerizes to 
produce 5.  It should be noted that trapping 1S5 with py or PPh2Et should give the 
meridional isomer, as is observed experimentally. Attempts to optimize (gas phase) 
the alternate isomer with a Cl atom in the axial position yielded a structure with the 
same Ir center geometry as in 1S5 (axial P) but with the dangling P group in a slightly 
more stable (2 kcal) orientation. However, optimization of the axial-Cl isomer in 
CH2Cl2 (pcm model) did yield a stationary point structure (1
S5’.
DCM, Figure 2.5), 
evidently stabilized by the polar medium but less stable than the geometry of 1S5. 
 
 
Figure 2.5. Optimized DFT (M06/LANL2DZ) 5-coordinate singlet structures for 1 
(hydrogen atoms and phenyl rings omitted, gas phase for 1S5, in dichloromethane for 
1
S5’.
DCM). 
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Time-dependent DFT (TDDFT) (CAM-B3LYP/LANL2DZ) calculations 
were used to obtain vertical transition energies and oscillator strengths for 1 and 3 and 
to simulate the absorption spectra (Appendix A).  A good match with the experimental 
spectra is obtained with a set of weak transitions at the UV−vis edge and stronger 
transitions deeper into the uv. The four lowest vertical singlet and triplet transitions 
for 1 are listed in Table 2.4. Each singlet transition has a matching triplet transition at 
slightly lower energy, implying facile intersystem crossing from the singlet to the 
triplet manifold.  
 
Table 2.4. Lowest four singlet vertical transitions for 1S6 and their corresponding 
triplet transitions. 
Singlets Triplets S-T gap 
(kcal/mol) 
No. nm Osc. 
Strength 
Contributions (>5%) No. nm Contributions (>5%)  
1 380 0.0015 H-3->LUMO (46%) 
H-2->L+1 (9%) 
H-3->L+3 (7%) 
2 416 H-3->LUMO (36%) 
H-2->L+1 (8%) 
H-3->L+3 (7%) 
H-1->LUMO (9%)  
-6.5 
2 377 
 
0.0139 H-2->LUMO (41%) 
H-2->L+3 (5%) 
H-3->L+1 (11%) 
H-5->LUMO (5%) 
1 418 H-2->LUMO (40%) 
H-2->L+3 (10%)  
H-3->L+1 (6%) 
H-3->LUMO (6%) 
-7.4 
3 374 0.0115 H-4->L+1 (42%) 
HOMO->L+1 (22%) 
3 410 H-4->L+1 (28%) 
HOMO->L+1 (28%) 
H-1->L+1 (6%) 
H-21->L+1 (5%) 
-6.5 
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4 344 0.0006 HOMO->LUMO (32%) 
H-4->LUMO (24%) 
H-3->L+1 (11%) 
4 391 HOMO->LUMO (26%) 
H-4->LUMO (19%) 
H-3->L+1 (6%) 
HOMO->L+3 (5%) 
H-4->L+1 (5%) 
H-21->LUMO (5%) 
-9.9 
 
The orbital make up of the transitions from the TD calculations is quite 
complex. Simplification was obtained through a natural transition orbital (NTO) 
treatment.97 Each of the transitions is described by two dominant NTO sets.  Those for 
the first singlet (similar for the first triplet) are pictured in Figure 2.6. The 
“destination” orbitals (top) are eg-type and show Ir-ligand -antibonding character. 
The departure orbitals are t2g-type with contributions from the -type p-orbitals of the 
Cl atoms. The NTO sets for the other three transitions (Appendix A) are closely 
related, differing mostly in which Ir d- and Cl p-orbitals are involved. Thus, all of the 
transitions can be described as LF transitions.  
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Figure 2.6. Natural transition orbital (NTO) sets for the first singlet excited state of 1S6 
(isovalue = 0.04). The “destination” orbital is on the top and the “departure” orbital is 
on the bottom and  is the NTO eigenvalue for each set. The X, Y, and Z axes were 
arbitrarily chosen but are consistent for all drawings. (C and H atoms omitted.) 
2.4 Discussion 
In keeping with the known photochemistry of many Ir(III), Rh(III), and other 
low spin d6 complexes,98,99 the photolysis of 1 and 3 is dominated by ligand 
dissociation. Either halide ligand or triphos ligand arm dissociation is possible, but the 
photoproducts for 1 and 3 clearly indicate that triphos ligand arm dissociation 
dominates. (The alternative of halide dissociation/substitution followed by thermal 
halide displacement of the triphos ligand arm is very unlikely given the stability of 
Ir(triphos)X3 to py.) This is not unexpected as halide photodissociation is disfavored 
in organic solvents because of poor charge solvation.100 
Once formed, the photogenerated 5-coordinate intermediate would be 
susceptible to ligand coordination. In the absence of added ligand, several possibilities 
exist. Recoordination of the triphos arm would return the intermediate to 1 or 3. If 
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recoordination is slow, halide bridges with other Ir centers could form or the dangling 
triphos arm could coordinate to another Ir center forming a triphos bridge. Such 
bridged structures (Figure 2.7) are likely elements of photoproducts 5 and 6 and these 
compounds are formulated as oligomeric [Ir(triphos)Cl3]n and [Ir(triphos)Br3]n. 
(Dimerization of mer-Ir(Et2S)3Cl3 by photodissociation of Et2S has been reported.
101) 
The solid-state NMR data, the far IR data, the formation of complex mixtures 
of products when 5 and 6 are first dissolved in pyridine, and the trapping of various 
amounts of solvent in the solid are all consistent with irregular bridged oligomeric 
structures. Interestingly, formation of 5 and 6 appears to be exclusively from 
oligomerization of the photogenerated 5-coordinate intermediate. If 1 or 3 were to 
react with the 5-coordinate intermediate through halide bridge formation dissolving 5 
or 6 in pyridine would rupture the halide bridge and regenerate 1 or 3. This is not 
observed. The implication is that the 5-coordinate intermediate is remarkably long-
lived and recoordination of the dangling triphos arm relatively slow, allowing 
bimolecular reactions of the 5-coordinate intermediate to occur. 
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Figure 2.7. Proposed structural elements of 5 and 6.  
 
 
No doubt, contributing to slow arm recoordination in the 5-coordinate 
intermediate is the square pyramidal geometry predicted by DFT. The open site of 1S5 
is not adjacent to the dangling phosphine group and would require geometric 
isomerization to an alternative square-pyramidal structure (1S5′.DCM) for 
recoordination of the dangling phosphine group. That the 5-coordinate intermediate 
has the structure of 1S5 is indicated by the initial formation of pyridine trapping 
product mer-Ir(κ2-triphos)(py)Cl3 (7) and PPh2Et trapping product mer-Ir(κ2-
triphos)(PPh2Et)Cl3 (10) both of which can be envisioned as forming by pyridine or 
PPh2Et coordination to the vacant site of 1
S5. 
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In agreement with previous conclusions on low-spin d6 halide complex 
photochemistry,98,99 the DFT and TDDFT calculations indicate that the phosphine 
group dissociation occurs through low-energy triplet excited states. These would be 
accessed through rapid internal conversion/intersystem crossing from initial excitation 
into the singlet manifold or possibly through direct excitation into the triplet manifold. 
This is consistent with the photochemistry wavelength independence (313 and 380 nm 
and sunlight) of the complexes. The initially formed triplet LF Franck−Condon state 
would relax by Jahn−Teller distortion yielding 6-coordinate triplet structures 1T6 or 
3
T6. The 6-coordinate triplets then progress to 5-coordinate 1T5 or 3T5 through 
complete triphos ligand arm dissociation. (A similar 6-coordinate triplet was located 
by DFT for d6 [Ru(bpy)2L2]2
+ and found to give ligand (L) dissociation. 102) 
Subsequent intersystem crossing to singlet 1S5 or 3S5 would then open the complex to 
coordination of another ligand or reformation of 1 or 3. This sequence, depicted in 
Scheme 2.3 for the chloro complexes, is analogous to that recently reported for 
PtBr6
2−, a d6 octahedral complex related to 1 and 3.103 Computational chemistry 
supported transient absorption spectroscopy of this Pt(IV) system indicates that initial 
excitation into the singlet manifold is followed by rapid intersystem crossing to the 
lowest-energy triplet with expulsion of a Br− to give triplet 5-coordinate PtBr5−. The 
DFT calculated geometry for the relaxed 5-coordinate triplet is similar to that 
calculated here for 1T5 and 3T5 (distorted trigonal bipyramid). Intersystem crossing to 
square-pyramidal singlet PtBr5
– then opens the complex to ligand coordination 
(aquation or recombination with a Br−) as predicted here for 1S5 and 3S5. 
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Scheme 2.3 Jablonski diagram for photooligomerization of 1.   
 
 
As mentioned in the introduction we began this study with the rather naive 
expectation of observing halogen photoelimination from 1 and 3. This expectation was 
partly based on the halogen photoelimination from the related Pt(IV) d6 complexes 
PtL2X3R (L = a phosphine; X = Cl, Br; R = Cl, Br, aromatic group).
104 At this 
juncture, we believe the difference between the Pt complexes and 1 and 3 is the 
character of the lowest-energy excited states. All of the above data point to a high 
degree of LF character in the lowest-energy excited states of 1 and 3. In contrast, the 
Pt complex lowest-energy excited states have significant halogen lone-pair-to-Pt 
charge transfer (LMCT) character yielding radical density at the halogens in 
conjunction with a weakening of the Pt−X bonds.104 We are still working out the 
likely pathways, but the result of radical halogen character in the excited state appears 
to be net elimination of X2. Although less common than heterolytic ligand 
dissociation, photolytic radical reactivity has been observed for some d6 complexes, 
especially on excitation into higher energy CT bands.105-108 
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In contrast to 1 and 3, which photoeliminate a triphos arm, complexes 7 and 8 
probably photoeliminate a chloride ligand along the Cl−Ir−Cl axis. This is suggested 
by Adamson’s Rules, developed for d3 complexes but also applicable to d6 complexes, 
which state that ligand dissociation will occur along the weakest ligand field axis.109-
111 The isomerization of 7 and 8 to their facial isomers 9 and 11 likely occurs by a 
pathway similar to that in the photochemistry of 1 and 3. This is illustrated for 8 in 
Scheme 2.4, where 5-coordinate triplet 8T5 undergoes intersystem crossing to 5-
coordinate singlet 8S5. Recoordination of the chloride then yields 11. 
Finally, given the strong current interest in photoluminescent Ir(III) 
complexes, a comment on the different photoexcitation results for the above 
complexes should be made. A key difference is the nature of the lowest triplet excited 
state. The photoluminescent complexes generally contain ligands with extended π-
systems.73,74,112 This introduces low-lying intraligand triplet excited states that are 
inactive to ligand dissociation and phosphorescence dominates. 
 
Scheme 2.4. Proposed isomerization of 8 to 11.  
 
2.5 Conclusion 
The photochemistry of d6 Ir(triphos)Cl3 (1) and Ir(triphos)Br3 (3) is 
dominated by triphos ligand arm dissociation. Dissociation is proposed to occur 
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through a triplet pathway, going first to a 6-coordinate Jahn−Teller distorted LF triplet 
excited state that transits by triphos arm dissociation to a 5-coordinate distorted 
trigonal bipyramidal triplet. Subsequent intersystem crosses then gives a long-lived, 
square pyramidal, 5-coordinate singlet that oligomerizes or is trapped by added 
ligands. No evidence was found for halogen elimination, as was observed for d6 trans-
Pt(PEt3)2(R)X3 (R = Br, Cl, aromatic group; X = Cl, Br). The difference in the 
photochemistry of 1 and 3 and the Pt(IV) complexes is attributed to greater MLCT 
character in the lowest energy excited states. Photoisomerization of meridional 
pyridine complexes (7 and 8) to the facial isomers (9 and 11) probably occurs by 
halide photodissociation where the 5-coodinate cationic intermediate is captured by 
the halide. 
2.6 Experimental Section 
General. Ir(triphos)Cl3 (1)
84 and concentrated solutions of hydrogen 
peroxide in diethyl ether113 were prepared by reported procedures. Reagents were 
purchased from commercial sources (Aldrich or Acros) and used as received. 
Experiments were performed under a dinitrogen or argon atmosphere in a Vacuum 
Atmospheres Corporation drybox or on a Schlenk line unless otherwise indicated. 
Solvents were dried, degassed and stored under dinitrogen over 4 Å molecular sieves 
or sodium metal unless otherwise noted. Solution NMR spectra were recorded on 
Bruker AMX-250 or -300 spectrometer at ambient probe temperatures. Solid state 31P 
NMR spectra were recorded on the Bruker AMX-300 spectrometer with MAS (magic 
angle spinning) at 5 kHz. NMR shifts are given in  with positive values downfield of 
TMS (1H and 13C), external H3PO4 (
31P) and external ADP (ammonium dihydrogen 
phosphate) reference (solid state 31P, δ 0). 13C and 31P NMR spectra were recorded in 
proton-decoupled mode. ALS Environmental performed the microanalyses. Uv-vis 
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spectra were recorded on a Cary 50 or Hewlett-Packard 8452 diode array 
spectrophotometer in 1 cm quartz cells. Photolyses were performed in 5mm NMR 
tubes or 4 mL or 8 mL vials (borosilicate glass) using a Philips PL-S 9W/01, 9 W 
lamp (313 nm) or a Super Bright LEDs, RL5-UV0315-380 LED (380 nm) operated at 
30 mA. The LED photon flux for the quantum yield determination was measured with 
a Newport 841-PE power meter equipped with an 818-UV detector. 
 
Ir(triphos)Cl2H (2). A 100 mL round bottom flask was charged with a 
stirring bar and 38 mg (41 mol) of 1 in 33 mL 2-methoxyethanol. The mixture was 
refluxed under argon for 12 h. The volatiles were then removed in vacuo. The crude 
product was dissolved in 2 mL dichloromethane and 75 mL diethylether added to give 
a precipitate. The mixture was stored in a freezer for 30 min and then filtered through 
a fritted funnel (M) to isolate the precipitate, which was washed with 20 mL 
diethylether and then extracted with acetonitrile. The volatiles were removed in vacuo 
from the extract giving 14.8 mg (41%) of solid pale yellow Ir(triphos)Cl2H. 
31P NMR 
and 1H NMR data match the literature values.86  
31P NMR (CD2Cl2, 101 MHz): -12.5 (d, JPP = 11 Hz, 2P) -43.1 (t, JPP = 11 
Hz, 1P).  
1H NMR (CD2Cl2, 300 MHz): -7.91 (dt, JHP = 188 Hz and JHP = 10 Hz, 1H), 
1.54 (s, 3H), 2.41 (m, 2H), 2.60 (m, 4H), 7.34 (m, 30H). 
Ir(triphos)Br3 (3). A 20 mL vial was equipped with a stirring bar and 
charged with 18.9 mg (20.5 mol) of Ir(triphos)Cl3 and 2.0 g (17 mmol) KBr in 2-3 
mL freshly distilled acetone. The reaction mixture was stirred overnight at 40 °C. The 
completion of the reaction was confirmed by 31P NMR spectroscopy. All volatiles 
were removed in vacuo and the residue was extracted with dichloromethane (3 x 5 
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mL). The volatiles were removed from the extract in vacuo leaving a solid, which was 
washed with 2 x 1 mL acetonitrile, 0.5 mL water and 2 mL diethylether and dried in 
vacuo to give 18.7 mg (17.7 mol, 86.3%) of solid pale yellow 3. 
31P NMR (CH2Cl2, 101 MHz): -37 (s).  
1H NMR (CDCl3, 300 MHz): 1.25 (s, 3H), 2.68 (d, JPH = 7.06 Hz, 6H), 7.16 
(m, 15H), 7.74 (br s, 15H).  
Ir(triphos)Br2H (4). A 50 mL round bottom flask equipped with a stirring 
bar was charged with 32 mg (34.7 mol) of 1, 2 g KBr and 25 mL bulk acetone. The 
mixture was stirred at 40°C for two days. All volatiles were removed in vacuo and the 
residue was extracted with dichloromethane. Removing the volatiles from the extract 
in vacuo yielded 28.3 mg (83.6%) of pale yellow Ir(triphos)Br2H (4). 
 
31P NMR (CD2Cl2, 101 MHz): -13.1 (d, JPP = 11 Hz, 2P) -50.8 (t, JPP = 11 
Hz, 1P).  
1H NMR (CD2Cl2, 300 MHz): -8.78 (dt, JHP = 181, 9 Hz, 1H), 1.55 (s, 3H), 
2.39 (m, 2H), 2.67 (m, 4H), 7.68-6.89 (m, 30H).  
  [Ir(triphos)Cl3]n (5). A 4 mL vial was charged with 10 mg (10.9 mol) 
of Ir(triphos)Cl3 1 and 1 mL dichloromethane. The resulting yellow solution was 
photolyzed with a 313 nm light source. The yellow solution slowly bleached and a 
yellowish precipitate formed. The photolysis was judged complete when an aliquot 
showed no 31P NMR peaks. The volatiles were then removed in vacuo to yield the 
yellow solid product in quantitative yield. The product is insoluble in common organic 
solvents but dissolves readily in pyridine (see below). The results were identical when 
the experiment was repeated in air or with added 1-hexene (100 fold excess). Anal. 
Calc. (found) for C41H39Cl3IrP3
.0.3CH2Cl2: C: 53.34 (52.29), H: 4.26 (4.21). The 
presence of the 0.3CH2Cl2 was confirmed by 
1H NMR spectroscopy of the analytical 
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sample dissolved in pyridine-d5. A second sample was similarly analyzed and showed 
0.45CH2Cl2. See Appendix A for solid-state 
31P NMR and IR spectra. 
[Ir(triphos)Br3]n (6). This was made in the same way as 5 with 11 mg (10.4 
mol) of Ir(triphos)Br3 3. The yellow solid product was obtained in quantitative yield 
and is insoluble in common organic solvents. The results were identical when the 
experiment was repeated in air or with added 1-hexene (100 fold excess).  
mer-Ir(2-triphos)(pyridine)Cl3 (7). A 50 mL sealable tube was charged 
with 64.4 mg (69.92 mol) of 5 and 25 mL of previously degassed pyridine was 
added. The tube was sealed and the homogeneous mixture was heated at 120 °C 
overnight. (Caution: This is above the boiling point of pyridine and the tube will be 
pressurized.) The volatiles were then removed in vacuo yielding the yellow, air-
sensitive, solid product in quantitative yield. Complex 7 was difficult to purify being 
always contaminated with small amounts of 8.  
31P NMR (CDCl3, 101 MHz): -26.5 (br s, 1P), -29.1 (dd, JPP = 24 Hz, JPP = 2 
Hz, 1P), -41.0 (d, JPP = 24 Hz, 1P).  
31P NMR (pyridine, 101 MHz): -26.3 (d, JPP = 4 Hz, 1P), -27.9 (dd, JPP = 24 
Hz, JPP = 4 Hz, 1P), -41.1 (d, JPP = 24 Hz, 1P).  
31P NMR (C6D6, 101 MHz): -26.0 (d, JPP = 4 Hz, 1P), -28.1 (dd, JPP = 24 Hz, 
JPP = 4 Hz, 1P), -41.5 (d, JPP = 24 Hz, 1P).  
31P NMR (CD3NO2, 101 MHz): -26.2 (br d, JPP = 3 Hz, 1P), -29.0 (dd, JPP = 
24 Hz, JPP = 3 Hz, 1P), -40.9 (d, JPP = 24 Hz, 1P). 
1H NMR (CDCl3, 300 MHz): 8.97 (m, 2H), 8.07 (m, 2H), 7.71 (m, 7H), 7.26 
(m, 22), 6.82 (m, 2H), 3.25 (m, 2H), 2.74 (m, 2H), 2.17 (br d, J = 2.4, 1H), 1.91 (br d, 
J = 2.4, 1H) and 1.23 (br s, 3H). 
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mer-Ir(2-P,P-triphosO)(pyridine)Cl3 (8). Complex 7 was dissolved in 2-3 
mL of dichloromethane and a few drops of a concentrated solution of hydrogen 
peroxide in diethyl ether was added with stirring. The volatiles were removed in vacuo 
yielding yellow solid 8 in quantitative yield. Crystals for the X-ray analysis were 
grown by slow evaporation of a benzene solution of 8. Anal. Calc. (found) for 
C46H44Cl3IrNOP3
.: C: 54.25 (53.63, 53.48), H: 4.36 (4.66, 4.66), N: 1.38 (1.41, 1.42).  
31P NMR (CDCl3, 101 MHz): 27.1 (s, 1P), -27.8 (d, JPP = 24 Hz, 1P), -42 (d, 
JPP = 23 Hz, 1P).  
1H NMR (CDCl3, 300 MHz): 8.95 (m, 2H), 8.2 (m, 2H), 8.1 (m, 2H), 7.9 (m, 
2H), 7.7 (m, 1H), 7.6 (s, 1H), 7.30 (m, 19), 6.97 (m, 2H), 6.9 (t, 2H), 3.7 (m, 1H), 2.95 
(m, 2H), 2.7 (m, 1H), 2.5 (m, 1H), 1.7 (m, 1H) and 1.55 (s, 3H). 
 
Photolysis of mer-Ir(2-P,P-triphosO)Cl3 (8). Complex 8 (10 mg, 10 mol) 
was dissolved in 0.5 mL pyridine and photolyzed at 313 nm in 3 min intervals in a 
standard 5 mm NMR tube (N2 atmosphere). The complex underwent photochemical 
isomerization to fac-Ir(2-P,P-triphosO)(pyridine)Cl3 (11) as shown by 31P NMR 
spectroscopy. Similar experiments with 8 dissolved in dichloromethane, CDCl3 and 
benzene gave no conversion after 30 min of irradiation. 
Photolysis of Ir(triphos)Cl3 (1) in pyridine. Complex 1 (6.0 mg, 6.5 mol) 
was added to 0.5 mL pyridine and photolyzed at 313 nm in a standard 5 mm NMR 
tube under an N2 atmosphere. The progress of the photolysis was periodically 
monitored by 31P NMR spectroscopy. The first two minutes of photolysis showed only 
formation of mer-Ir(2- triphos)(pyridine)Cl3 (7).  After 7 min, both 7 and fac-Ir(2-
triphos)(pyridine)Cl3 (8) were present along with remaining 1. After 20 min, 1 was 
completely consumed and the 7:9 (mer:fac) ratio was 1:1.3. Continued photolysis 
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completely converted the mixture to the fac isomer 9. Air exposure of solutions of 9 
gave fac-Ir(2-P,P-triphosO)(pyridine)Cl3 (11). 
fac-Ir(2-triphos)(pyridine)Cl3 (9). A 50 mL Schlenk flask was charged 
with 34.0 mg (36.9 mol) of 1 in 8 mL of pyridine and a stir bar. The sample was 
photolyzed under N2 at 313 nm for 4 h with stirring. The completion of the reaction 
was determined by 31P NMR spectroscopy. The volatiles were then removed in vacuo 
(1 day). The resulting yellow solid was dissolved in dichloromethane. The solution 
was filtered through diatomaceous earth and reduced to ~0.5 mL. Addition of 3 – 4 
mL of hexane resulted in an immediate precipitate. The mixture was allowed to stand 
at -20 oC for 3 h and then filtered through diatomaceous earth. The 
precipitate/diatomaceous earth mix was washed with 2 – 3 mL of hexane and then 
extracted with 3 – 4 mL of dichloromethane. The volatiles were removed in vacuo 
from the extract yielding 32.1 mg of yellow solid 9 (32.1 mol, yield 87 %). During 
isolation, 9 isomerized to small amounts of mer-Ir(2-triphos)Cl3(py) 7. 
31P NMR (CDCl3, 101 MHz ): -27.8 (d, JPP = 2 Hz, 1P), -38.7 (d, JPP = 2 Hz, 
2P).  
31P NMR (pyridine, 101 MHz ): -27.8 (d, JPP = 2 Hz, 1P), -38.7 (d, JPP = 2 
Hz, 2P).  
31P NMR (benzene, 101 MHz ): -27.8 (d, JPP = 2 Hz, 1P), -38.7 (d, JPP = 2 
Hz, 2P).  
1H NMR (CDCl3, 300 MHz): 0.56 (s, 3H), 2.33 (br s, 2H), 2.39 (m, 2H), 3.73 
(m, 2H), 7.20 (m, 30), 7.61 (t, JHH = 7.5 Hz, 1H), 7.93 (m, 2H), 8.48 (br s, 2H).  
Photolysis of Ir(triphos)Cl3 with PPh2Et. Observation of mer-Ir(2- 
triphos)(PPh2Et)Cl3 (10). A standard 5 mm NMR tube was charged with 7.0 mg (7.6 
μmol) of 1 and 1 M PPh2Et in ~0.5 mL CH2Cl2. The sample was photolyzed at 380 
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nm for 33 min. The 31P NMR spectrum confirmed full conversion. The product, mer-
Ir(κ2-P,triphos)Cl3(PPh2Et), was not isolated or further characterized.  
31P NMR (CH2Cl2, 101 MHz): -16.8 (dd, JPP = 442 Hz, 16 Hz, 1P, PPh2Et), -
28.0 (s, 1P), -35.6 (dd, JPP = 442 Hz, 19 Hz, 1P, P trans to PPh2Et), -48.8 (overlapping 
dd, JPP = 19 Hz, 16 Hz, 1P). 
fac-Ir(2-P,P-triphosO)(pyridine)Cl3 (11). (a) A 20 mL borosilicate vial 
was charged with 20 mg (22 mol) of 5 dissolved in 5-6 mL of pyridine. The sample 
was photolyzed in sunlight through a window for 6 days. After completion of the 
reaction (31P NMR spectroscopy), the volume was reduced to ca. 1.5 mL and 15 mL 
of hexane was added. The resulting milky solution and precipitate were stored in 
freezer over night. The precipitate was then recovered by filtration, washed with 
hexane and dried in vacuo to yield 15.2 mg (69 %) of yellow solid 11. (b) A 20 mL 
vial was charged with 44.6 mg (48.4 μmol) of 1 in 10 mL of pyridine. The sample was 
photolyzed at 313 nm for 24 h and judged complete by 31P NMR spectroscopy. The 
volume of the solution was then reduced to 2 mL and ca 15 mL diethyl ether was 
added to precipitate the product. The product was recovered by filtration through a 
pipette filled with diatomaceous earth and washed several times with diethyl ether. 
Extraction with dichloromethane and final removal of the volatiles in vacuo yielded 
10.3 mg (21 %) of yellow solid 11. 
31P NMR (dichloromethane, 101 MHz ): 25.7 (s, 1P), -39.3 (s, 2P). 
1H NMR (CD2Cl2, 250 MHz): 1.26 (s, 3H), 2.54 (d, JPH = 11 Hz, 2H), 2.96 
(m, 2H), 3.92 (m, 2H), 7.29 (m, 29H), 7.75 (m, 2H), 7.96 (m, 2H), 8.6 (m, 2H).  
Quantum Yield. A quartz uv/vis cuvette was charged with a magnetic stir 
bar and 2.0 to 2.5 mL of a 1 M pyridine solution in dichloromethane with 4.0 mg (4.3 
mol) of Ir(triphos)Cl3 (greater than 99% absorbance at 380 nm). The sample was 
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photolyzed with the 380 nm LED at a distance of 1.2 cm from the cuvette (flux = 2.84 
x 1015 photons/sec) with periodic 31P NMR spectroscopic monitoring. Two 
measurements gave quantum yields of 0.23 and 0.29 (0.25±0.04). 
DFT calculations. Gaussian 09114 with the M06115 (X = Cl)  or B3LYP116 (X 
= Br) functional were used for all calculations (gas phase), except for the TDDFT 
calculation, which employed the CAM-B3LYP117 functional. The LANL2DZ118,119 
basis set was employed for all atoms. Initial structures were derived from crystal 
coordinates and were modified with Gaussview120 without simplification. All 
geometries were optimized without symmetry constraints. Analytical frequency 
calculations gave no imaginary frequencies for the complexes except for Ir(triphos)Cl3 
(1), which had a small imaginary frequency of -21   cm-1 associated with a phenyl ring 
rotation and for the transition state for the interconversion of 3T6 and 3T5. The 
redundant coordinate potential energy scan for 1T6 employed the “ModRedundant” 
keyword and increased the Ir-P distance in 0.1 Å increments with a maximum of ten 
refinement cycles between increments. Free energies, enthalpies, and entropies were 
calculated at 298.15 K and 1 atm. The validity of using gas phase energies was tested 
by including a solvent correction (pcm model) for the gas phase energies of 1, 1T6 and 
1
T5. This did not significantly alter their relative energies (3 kcal/mol or less) 
indicating that the gas phase relative energies are adequate. Coordinates and energies 
are given in the supporting information. 
Appendix A: 
1H and 31P NMR spectra, IR spectra, and DFT data (coordinates, 
energies, NTO figures). 
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3. CHAPTER 3: 
PHOTOINDUCED C–H ACTIVATION of 
(PNP)IRIDIUM(III)Cl3 
3.1 Introduction 
Recent investigations of Pt(IV) polyhalide complexes reveal efficient net 
photochemical bromine elimination (eq 15), an important process in potential solar 
energy conversion and storage.41 Wishing to expand this chemistry to iridium metal 
complexes we studied the triphos (1,1,1-tris(diphenylphosphinomethyl)ethane) 
iridium(III) polyhalide complexes (Chapter 2). However, the triphos iridium(III) 
photochemistry is dissociative in nature and no halogen reductive elimination was 
observed (eq 16, X = Cl or Br).42 
 
 
eq 15 
 
 
eq 16 
 
The photochemistry of octahedral iridium(III) complexes has been studied 
before. The complexes can undergo photoaquation,121,122 photoinduced ligand 
exchange or photoisomerization.123,124 Vaska’s complex (trans-(PPh3)2(CO)IrCl) is 
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known to undergo oxidative addition of molecular oxygen, molecular hydrogen, and 
hydrogen chloride. The Ir(III) compounds formed are reported to undergo photolytic 
driven reductive elimination (eq 3, XY = O2, H2, HCl).
125 
 
 
eq 17 
 
Nocera at al. have also proposed that transition metal complexes may be 
useful in chemical solar energy storage. The catalytic nature of these metal complexes 
will help split water or hydrochloric acid into molecular hydrogen and molecular 
oxygen or molecular halogen, respectively.24 The photoreductive elimination of X2 is 
crucial for the catalytic cycle.34 The halogen photoelimination has been studied 
before,27,28 but this process remains rare and poorly understood.  
Further, C-H activation plays a crucial role in forming new C-C and C-X 
bonds (X = halogen). Recently light driven C-H bond activation and new bond 
formations are receiving more attention.126-131 Herein we report our photochemical 
investigation of Ir(PNN)Cl3 (PNN = 2-(di-t-butylphosphinomethyl)-6-
(diethylaminomethyl)pyridine) and Ir(PNP)Cl3 (PNP = 2,6-bis(di-t-
butylphosphinomethyl)pyridine). Pincer type ligands are used because of their ability 
to form square planar Ircomplexes (eq 18), unlike the previously studied triphos 
iridium complex (Chapter 2 and eq 16).132 
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eq 18 
 
3.2 Results and Discussion 
3.2.1 Synthesis and Characterization 
   Pincer complexes Ir(PNP)Cl3 (12, PNP = 2,6-bis(di-t-
butylphosphinomethyl)pyridine) and Ir(PNN)Cl3 (13, PNN = 2-(di-t-
butylphosphinomethyl)-6-(diethylaminomethyl)pyridine) were prepared by a literature 
procedure for 12 and by treating Ir(CH3CN)3Cl3 with  PNN in dimethylacetamide 
(dma) for 13 (eq 19).133  
 
 
 
eq 19 
 
 
Characterization of new Ir(PNN)Cl3 was achieved by 
31P NMR and 1H NMR 
spectroscopy and single crystal X-ray diffraction. Metrical parameters are given in 
Table 3.1. Figure 3.1 shows a slightly distorted octahedral complex (13) where the 
halogen atoms are arranged in a meridional manner and the bridging methylene 
groups bend out of plane. The Ir–Cl (Ir–Cl2 2.370 Å and Ir–Cl3 2.3597 Å) bond is 
shorter than that of the Ru(II) analog (2.420 Å).134 Complex 13 has a single resonance 
at  17.7 in its 31P NMR spectrum (CH2Cl2) and the 1H NMR spectrum shows the 
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expected PNN ligand resonances. (PNN complexes of only Ru(II), Rh(I) and Pt(II) 
were studied before.134-136) Complex 13 shows a similar pattern in the 1H NMR 
spectrum to its isoelectronic Ru(II) analog. The 31P NMR shift, however, is very 
different probably due to the difference in the metal center and the ligand 
environment. However, no previous photochemical investigations are reported for 
these complexes.  
 
 
 
 
 
 
Figure 3.1. Solid-state structure of Ir(PNN)Cl3 13 (50% thermal ellipsoids, hydrogen 
atoms omitted and carbon atoms unlabelled).  
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The UV-vis absorption spectra for the pale yellow trihalo complexes 12 and 
13 are presented in Appendix B. Strong absorption is only observed in the UV region 
with weak tail offs into the visible.  
Table 3.1. Experimental and calculated mean metrical parameters (Å and degrees) for 
13, 12
S and 13S. 
Distance/ 
angle
b
 
Experimental
a 
(13) 
(13
S
) (12
S
) 
Ir-P1  
Ir-P 
2.291(7) 2.318 2.441(13) 
Ir-N2 2.300(2) 2.399 ------------ 
Ir-N1 2.006(2) 2.032 2.053 
Ir-Cl1 
Ir-Cl2 
Ir-Cl3 
2.3692(6)  
2.3703(6) 
2.3597(6) 
2.414 
2.407 
2.413 
2.421 
2.413 
2.412 
P1-Ir-N1   
P-Ir-N1 
83.87(6) 83.7 82.2(3) 
P1-Ir-N2 
P1-Ir-P2 
163.78(6) 161.6 164.4 
N1-Ir-N2 79.94(8) 78.0 ------------ 
N1-Ir-Cl1 
N1-Ir-Cl2 
N1-Ir-Cl3 
175.26(6) 
94.87(6) 
83.09(6)  
175.8 
84.3 
95.8 
178.9 
88.9 
89.2 
P1-Ir-Cl1 
P1-Ir-Cl2 
P1-Ir-Cl3 
98.65(2)  
96.14(2) 
89.64(2) 
39.2 
90.2 
98.3 
96.6 
92.4 
88.0 
X2-Ir-Cl1
c
 
X2-Ir-Cl2
c
 
N2-Ir-Cl3 
97.57(5)  
84.30(5) 
89.42(5) 
103.3 
90.1 
81.6 
99.0 
87.7 
91.4 
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Cl1-Ir-Cl2 
Cl1-Ir-Cl3 
Cl2-Ir-Cl3 
88.87(3) 
92.89(3) 
173.65(2) 
91.7 
88.4 
171.5 
90.7 
91.2 
178.0 
aMean values with standard deviations. bAtom numbering from Figure 3.1.  
c X = P (12S), N (13S and 13) 
 
3.2.2 Photochemistry 
Dichloromethane solutions of Ir(PNN)Cl3 13 at room temperature (RT) and 
in the presence of the halogen trap 2,3-dimethyl-2-butene (tme) is photo inactive to 
prolonged (1 week) irradiation at 313 nm. Complex 13 undergoes photo induced 
ligand exchange in the presence of an ancillary ligand like pyridine (py) to form an 
ionic complex [Ir(PNN)Cl2(py)][Cl] 14. 
31P NMR shows a single resonance at  15.8 
for 14 (in benzene). Further, 12 is photoactive in a dcm solution in the presence of 
tme. Compound 12 undergoes slow (1 week) photoinduced (313nm) -hydrogen 
elimination yielding iridacycle 15 (eq 20), apparent from the characteristic NMR 
spectral features of 15.133 The conversion is not affected by the presence of tme. 
 
 
 
eq 20 
 
 
Thermally, this reaction does not occur in solution. A dichloromethane 
solution of 12 is stable at RT and in the dark for at least one week and toluene or 
mesitylene solutions are stable even at 150 oC (overnight).  However, slow conversion 
of 12 to 15 has been reported to occur in the solid state with 10% conversion after 6 
months at room temperature. The iodo analog of 12 evidently undergoes facile 
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thermal C-H activation in solution and is not observed in the reaction of IrI3 with PNP, 
which yields only the iodo analog of 15.133  
To further investigate the iridacycle formation, 12 was irradiated at 313nm in 
benzene for 15 hr. No conversion was observed indicating that the process is inhibited 
in benzene and may involve ionic species that are disfavored in nonpolar solvents. A 
suggested ionic pathway for the photo reaction is given in Scheme 3.1. An axial Cl– is 
heterolytically photo dissociated to open a coordination site. A C–H bond of a P-
bonded t-butyl methyl group then coordinates through an agostic interaction. 
Subsequent proton loss from the agostic methyl group would then yield iridacycle 15. 
Agostic interactions with electrophilic metal centers are known to enhance C-H bond 
acidity, either at the agostic C-H bond itself87,137,138 or at germinal C-H bonds.139   
Next, one methyl group of P(tBu)2 undergoes nucleophilic attack by Cl
– to form 
iridacycle 15 and HCl (Scheme 3.1) DFT calculations are consistent with this pathway 
and are discussed next. 
 
Scheme 3.1. Formation of 15 via an ionic mechanism 
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Scheme 3.2. Alternative radical pathway 
 
 
3.2.3 DFT Calculations 
The M06 functional with the basis set LANL2TZ for iridium and cc-pVdZ 
for all other atoms was used to optimize the lowest energy ground state and lowest 
energy triplet state geometries for 12 and 13 in dichloromethane solution using the 
smd - solvation model. The metrical parameters for the lowest energy ground state are 
given in Table 3.1 and are compared with the X-ray structural data for 13. The 
calculated and X-ray parameters for 13 are in reasonable agreement, with the Ir-P1, Ir-
N2 and Ir-N1 distances being slightly longer (4% or less) in the DFT structure. Table 
3.2 gives the metrical parameters for the calculated triplet excited states of Ir(PNP)Cl3 
12
T and Ir(PNN)Cl3 13
T. The complexes 12 and 13 in their triplet state remain 6-
coordinate with a distorted octahedral configuration around the metal center (Figure 
3.2). The distortion primarily involves the axial halogens (Cl2 and Cl3), which show 
elongated Ir-halogen distances and bend away from Cl1 toward N1 increasing the Cl1-
Ir-halogen angle to ~100o.  
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Figure 3.2. Optimized DFT (M06/LANL2TZ (iridium) and cc-pVdZ (all atoms)) 6-
coordinate singlets 12S and 13S, triplets 12T and 13T and cationic [cis-(PNP)IrCl2]
+ 
15
S which shows an agostic interaction between a hydrogen and iridium (hydrogen 
atoms, ethyl- and tert-butyl groups omitted). 
 
Table 3.2. Metrical parameters (Å and degrees) for12T and13T triplets. 
Distance/angle
a 
12
T
  13
T
  
Ir-P1 2.339 2.446 
Ir-X2b 2.381 2.446 
Ir-N1 2.046 2.075 
Ir-Cl1 2.333 2.339 
Ir-Cl2 2.827 2.773 
Ir-Cl3 2.696 2.772 
X2-Ir-P1b 162.4 164.7 
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X2-Ir-N1 b 79.0 82.4 
N1-Ir-P1 83.5 82.4 
Cl1-Ir-Cl2 97.0 97.2 
Cl1-Ir-Cl3 95.2 97.2 
Cl2-Ir-Cl3 163.6 165.6 
P1-Ir-Cl1 95.5 97.6 
P1-Ir-Cl2 88.7 92.4 
P1-Ir-Cl3 101.0 85.7 
X2-Ir-Cl1 b 102.0 97.7 
X2-Ir-Cl2 b 88.2 85.7 
X2-Ir-Cl3 b 78.6 92.4 
N1-Ir-Cl1 173.5 180.0 
N1-Ir-Cl2 76.6 82.8 
N1-Ir-Cl3 91.3 82.8 
a Atom numbering from Figure 3.2. b X = P (12T), N (13T) 
 
The DFT calculations were used to estimate relative energies of the triplet 
state and the photo products (Ir(pincer)Cl + Cl2) for 12 and 13 respectively. Scheme 
3.3 summarizes the results. The calculated lowest energy triplet state of 12T is 36.58 
kcal/mol and the photo products Ir(PNP)Cl + Cl2 (which would result from reductive 
elimination) are 60.32 kcal/mol less stable than 12S. Similarly 13T is 34.77 kcal/mol 
and Ir(PNN)Cl + Cl2 is 68.29 kcal/mol less stable than 13
S. For both complexes 12 
and 13 the triplet state is much lower in energy (about 30 kcal/mol) than the 
anticipated products. The energy storage potential for these complexes (12 and 13) to 
store large amounts of solar energy (60 kcal/mol for 12 and 68 kcal/mol for 13) is 
magnificent. However, photo induced reductive elimination cannot be achieved due to 
low lying triplet states, which are about 30 kcal/mol more stable than the anticipated 
products.  
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Scheme 3.3. Energy diagram for complexes 12 and 13  
 
 
DFT calculated thermodynamics indicates that the pincer Ir(III) metal 
complexes are too low in energy to undergo light driven reductive elimination; instead 
-hydrogen elimination is observed for 12 experimentally. Predicted triplet Mulliken 
atomic charges in Table 3.4 suggest that chloride dissociation is predominant for the 
axial halogens. The calculated Mulliken triplet spin densities (Table 3.3) of 12 and 13 
indicate only small electronic changes for the axial halogens (Cl2 and Cl3); hence, the 
chlorine radical character in the triplet excited state is negligibly small unlike in the 
previously studied trans-(PEt3)2Pt(R)X3 (X = Cl, Br).
41,43 Further, an ionic pathway 
(Scheme 3.4) and an alternative radical pathway (Scheme 3.5) were elucidated. The 
ground state structure of [cis-(PNP)IrCl2]
+ 15S (Figure 3.2) shows an agostic 
interaction of 2.7 Å between the positive iridium center and a hydrogen of a P(tBu)2 
group. The ionic complex 15S is accessible upon photo irradiation through a triplet 
exited state manifold and leads to an intramolecular C–H activation to form 15 and 
HCl (Scheme 3.4). This matches the experimental observation. The alternative radical 
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pathway is predicted to be too high in energy and is not accessible through a triplet 
excited state (Scheme 3.5). Further, the DFT predicts a possible formation of 
iridacycle (15ʹ) from 13 which is not observed experimentally (Scheme 3.4). That 
might be due to the lack of steric bulk as in 13 or other relaxation pathways.  
 
Scheme 3.4. Ionic pathway for the formation of an iridacycle (15ʹ is an iridacycle 
from 13) 
 
 
 
 
 
 
 
 
 
Scheme 3.5. Alternative radical pathway to iridacycle 
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Table 3.3. Triplet Mulliken atomic spin densities for 12T and 13T 
atom
a
 12
T
 13
T
  
Ir 1.43 1.42 
P1 -0.007 -0.009 
N1 0.006  0.0007 
N2/P2 -0.007 0.012 
Cl1 0.12 0.12 
Cl2 0.21b 0.20b 
Cl3 0.21b 0.22b 
a Atom numbering from Figure 3.2. b Axial ligand.  
 
Table 3.4. Triplet Mulliken atomic charges for 12T and 13T 
atom
a
 12
T
 13
T
  
Ir 1.27 1.59 
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Cl1 -0.69 -0.73 
Cl2 -0.94b -0.94b 
Cl3 -0.95b -0.96b 
a Atom numbering from Figure 3.2. b Axial ligand.  
 
3.3 Conclusion 
The photochemistry of Ir(PNP)Cl3 12 and Ir(PNN)Cl3 13 lead to halide 
dissociation. In fact, photolysis of 13 in the presence of an ancillary ligand (pyridine) 
readily yields novel complex 14, a product of photo induced ligand exchange. 13 is 
remarkably stable towards prolonged (1 week) photolysis at 313 nm in a CH2Cl2 
solution in the presence of tme. Interestingly, prolonged photolysis of 12 under the 
same conditions as for 13 yields an iridacycle 15. The formation of the iridacycle is 
proposed to occur in the triplet excited state, where initially halide dissociation takes 
place, followed by intersystem crossing to a singlet a cationic intermediate with an 
agostic interaction with one of the hydrogen atoms of the tBu groups. The agostic 
hydrogen atom is more acidic and is susceptible to proton loss to form the iridacycle 
and HCl.  
3.4 Experimental 
Details. (CH3CN)3IrCl3,
140 (PNP)IrCl3 (12) (PNP = 2,6-bis-(di-t-
butylphosphinomethyl)pyridine),133 were prepared by reported procedures. Reagents 
were purchased from commercial sources (Aldrich or Acros) and used as received. 
Experiments were performed under a nitrogen or argon atmosphere in a Vacuum 
Atmospheres Corporation drybox or on a Schlenk line unless otherwise indicated. 
Solvents were dried, degassed and stored under dinitrogen over 4 Å molecular sieves 
or sodium metal unless otherwise noted. Solution NMR spectra were recorded on a 
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Bruker AMX-250 or -300 spectrometer at ambient probe temperatures. NMR shifts 
are given in  with positive values downfield of TMS (1H) or external H3PO4 (31P). 31P 
NMR spectra were recorded in proton-decoupled mode. Uv-vis spectra were recorded 
on a Cary 50 or Hewlett-Packard 8452 diode array spectrophotometer in 1 cm quartz 
cells. Photolyses were performed in 5mm NMR tubes or 4 mL or 8 mL vials 
(borosilicate glass) using a Philips PL-S 9W/01, 9 W lamp (313 nm emission). 
Detailed procedures for each experimental set are given below.  
Ir(PNN)Cl3 (13). An 8 mL vial equipped with a stirring bar was charged 
with 32.3 mg (76.6 mol) of (CH3CN)IrCl3 and 24.7 mg (76.6 mol) of 2-(di-t-
butylphosphinomethyl)-6-(diethylaminomethyl)pyridine in 2 mL dimethylacetamide. 
The mixture was heated at 160 °C overnight with continuous stirring. After 
completion of the reaction (by 31P NMR) all volatiles were removed in vacuo. The 
complex was purified by column chromatography on silica gel (10% gradient elution, 
hexane and chloroform). Removal of the volatiles resulted in a 50% yield of a pale 
yellow Ir(PNN)Cl3. Single crystals suited for XRD were obtained by slow evaporation 
of a dichloromethane solution.   
31P NMR (CH2Cl2, 101 MHz): 17.7 (s).  
31P NMR (CDCl3, 101 MHz): 17.9 (s).  
1H NMR (CDCl3, 300 MHz): 1.23 (t, JHP = 7 Hz, 6H, Me of Et2N), 1.48 (d, 
JHH = 14 Hz, 18H, 
tBu2P), 3.56 (m, 4H, (CH2)2 of Et2N), 3.79 (d, JHP = 10 Hz, 2H, 
CH2), 4.53 (br s, 2H, CH2), 7.18 (d, JHH = 8 Hz, 1H), 7.38 (d, JHH = 8 Hz, 1H) and 
7.59 (t, JHH = 8 Hz, 1H).   
Photolysis of (PNP)IrCl3: 5 mg (7.20 mol) of 1 were dissolved in 0.5 mL 
of DCM and photolized in a standard 5 mm NMR tube at 313 nm light source. The 
photolysis was monitored by 31P NMR periodically (once a day). The iridacycle 
 56 
 
formation was slow and full conversion was achieved in 7 days of photolysis. The 31P 
NMR was identical with the previously reported one.133  
Photolysis of (PNN)IrCl3 with pyridine: 2 mg (3.22 mol) of 2 were 
dissolved in 0.5 mL d6-benzene in a standard 5 mm NMR tube. To the solution a drop 
of pyridine was added. Subsequently, the sample was photolized at 313 nm light 
source for 15 hr. The mixture changed color from faint yellow to dark yellow and the 
new product was characterized by 31P NMR (d6-benzene) δ 15.8. The complex was 
not isolated. 
DFT calculations. Gaussian 09114 with the M06141 functional was used for 
all calculations (in solution, smd-model142). The LANL2TZ143 basis set was employed 
for the iridium metal and cc-pVdZ144 for all other atoms. Initial structures were 
derived from crystal coordinates and were modified with Gaussview145 without 
simplification. All geometries were optimized without symmetry constraints. 
Analytical frequency calculations gave no imaginary frequencies for the complexes. 
Free energies, enthalpies, and entropies were calculated at 298.15 K and 1 atm. 
Coordinates and energies are given in the supporting information. 
Appendix B: 
1H and 31P NMR spectra and DFT data (coordinates, energies). 
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4. Chapter 4: 
A DFT INVESTIGATION of  L2LʹIrX3 (X = Cl, Br or OH) for 
PHOTOREDUCTIVE ELIMINATION:  
(PPh3)2(CO)IrCl3 PHOTOACTIVE 
4.1 Introduction 
Recent investigations on photoreductive elimination of X2 (X = Cl, Br and 
OH) in trans-(PEt3)2Pt(R)X3 have shown high quantum yields in the presence of an 
alkene trap.41,43-45 The photo reductive elimination of X2 from metal complexes is an 
important step in the solar energy conversion and storage catalytic cycle.70  
Extending the photochemistry to octahedral iridium(III) halide complexes we 
found that Ir(III) halide complexes with monodentate ligands photoisomerize.123 
Chelating ligands were used to prevent photoisomerization (see Chapter 2 and Chapter 
3) resulting in interesting photochemistry but with no photoreductive elimination of 
X2. Instead, the photochemistry of fac-Ir(triphos)X3 (triphos = 1,1,1-
tris(diphenylphosphinomethyl)ethane, X = Cl, Br) is dominated by triphos arm 
dissociation and formation of the irregular oligomers [Ir(triphos)Cl3]n and 
[Ir(triphos)Br3]n as was shown in Chapter 2.
42 Believing that the facial ligand 
arrangement disfavors X2 elimination and formation of Ir(I) we introduced meridional 
pincer type ligands PNP (PNP = 2,6-bis(di-t-butylphosphinomethyl)pyridine) and 
PNN (PNN = 2-(di-t-butylphosphinomethyl)-6-(diethylaminomethyl)pyridine) to form 
complexes 12 and 13 (Chapter 3). Photochemistry of 12 and 13 was dominated by low 
yield halide dissociation and no X2 photoreductive elimination was observed. 
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In this chapter, a DFT approach is presented to evaluate a ligand system for 
possible photoactivation of an Ir(III)X2L complex towards reductive elimination of 
X2. Some of the predicted complexes were prepared and tested for their 
photochemistry. 
 4.2 Results and Discussion 
4.2.1 DFT Calculations 
To predict a feasible iridium metal complex for photo reductive elimination 
of X2 from L2LʹIr(III)X3 (L = NF3, NH3, NMe3, PF3, P(CF3)3, PH3, PMe3, P(OMe)3, 
P(OPh)3, dmpe = 1,2-bis(dimethylphosphino)ethane, dppe = 1,2-
bis(diphenylphosphino)ethane, CNC = 2,6-bis-(imidazolylidenemethyl)pyridine and 
CCC = 2,6-bis-(imidazolylidenemethyl)benzene; Lʹ = CO, PMe3;  X = Cl, Br and OH) 
DFT was applied. A series of iridium complexes (Scheme 4.1) were computed with 
altering ligands and conformations of the metal complex. For the gas phase 
calculations the M06 functional and a mixed basis set (LANL2TZ for Ir and cc-pvDZ 
for other atoms) were used to predict the lowest energy singlet structures of 
L2LʹIr(I)X, L2LʹIr(III)X3, X2 and triplet excited 3[L2LʹIr(III)X3] structures.  
A compound may be photochemically active if the following three criteria 
are fulfilled. Firstly, the calculated triplet excited state free energy G (kcal/mol) of 
an octahedral 3[L2LʹIr(III)X3] complex must be larger or equal to the free energy of 
the anticipated products (1Ir(I)X + 1X2). This is more clearly presented in Scheme 4.2. 
Secondly, the spin density on the halogen atoms must be relatively high (~ 1). Thirdly, 
at least one axial X–Ir bond is dissociated from the metal complex in the lowest 
energy triplet excited state 3Ir(III)X3. Predicted free energies, Mulliken atomic spin 
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densities and atomic polar tensor (APT) atomic charges are presented below (Table 
4.1 - Table 4.12).  
Scheme 4.1. Investigated complexes of the type L2LʹIrX3 (X = Cl, Br and OH). 
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Scheme 4.2. Energy diagram for photoactive compounds. 
 
 
When X = Cl in L2(CO)IrX3 (L = NF3 (35), NH3 (16) and NMe3 (19);  X = 
Cl, Br and OH) the APT atomic charges (Table 4.3 and Table 4.4) remain unchanged 
in the excited 3Ir(III) complexes compared to the lowest energy ground state. The 
majority of the spin density (~ 1.40 e–) remains at the iridium metal for 35, 16 and 19 
in the lowest energy triplet excited state and < 0.52 e– spin density remains at the 
chlorine atoms, which is too weak for photochemistry (Table 4.2). Calculated relative 
free energies of 3[L2(CO)IrCl3] and L2(CO)IrCl + Cl2 show that the triplet excited 
state energy is at least 22 kcal/mol lower than the energy of the anticipated products 
(Table 4.1). Figure 4.1 provides pictorial evidence of ligand dissociation for NF3, NH3 
and NMe3 and no Cl2 elimination is found. The observed lowest triplet excited state 
free energy for 3[trans-(NF3)2(CO)IrCl3] (14.1 kcal/mol) might be in part due to the 
weak field strength of NF3. The weak-field ligands have small ligand field strength to 
split the t2g and eg metal based orbitals. This leads to a small HOMO–LUMO gap 
which ultimately corresponds to low triplet excited-state energies. The expected donor 
strength for the amine ligands is NF3 < NH3 < NMe3.
146  
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   Figure 4.1. Bond lengths (Å), singlet lowest energy structures of 16S, 19S, 35S and 
triplet lowest energy structures of 16T, 19T, 35T (hydrogen atoms omitted for clarity). 
 
Table 4.1. Predicted free energies (kcal/mol relative to lowest-energy singlet) in 
different ligand systems for L2LʹIrCl3 complexes for photo reductive elimination. 
Complexa Triplet excited 
state 
 3Ir(III)Cl3 (GT) 
Ground state 
1Ir(I)Cl + 1Cl2 
(GP) 
GP - GT 
16 43.5 65.6 22.1 
19 31.7 60.6 28.9 
22 43.9 67.5 23.6 
25 43.5 61.7 18.2 
12
b 30.4 78.2 47.8 
13
b 32.5 86.5 54.0 
27 36.3 79.7 43.4 
28 49.1 96.4 47.3 
29 41.3 86.8 45.5 
35 14.1 38.1 24.0 
37 48.1 55.5 7.4 
40 45.1 48.0 2.9 
  
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. 
b Ir(PNP)Cl3 12 and Ir(PNN)Cl3 13 (M06/lanl2dz, gas phase). 
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Table 4.2. Mulliken atomic spin densities of 3[L2LʹIrCl3]. 
Complexa Ir Cl1 Cl2c Cl3c 
16
T
 1.39 0.01 0.19 0.19 
19
T
 1.32 0 0.18 0.18 
22
T
 1.21 0.17 0.32 0.30 
25
T
 1.21 0.17 0.31 0.32 
12
T b 1.41 0.13 0.23 0.23 
13
T b 1.40 0.13 0.24 0.23 
27
T
 1.41 0.16 0.22 0.22 
28
T
 1.44 0.11 0.25 - 
29
T
 1.32 0.13 0.27 0.25 
35
T
 1.37 0.18 0.17 0.17 
37
T
 1.10 0.14 0.41 0.36 
40
T
 1.09 0.16 0.38 0.36 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. b 
Ir(PNP)Cl3 12 and Ir(PNN)Cl3 13 (M06/lanl2dz, gas phase). 
c Axial chlorines. 
 
Table 4.3. Atomic polar tensor (APT) atomic charges of L2LʹIrCl3. 
Complexa Ir Cl1 Cl2c Cl3c 
16 0.51 -0.51 -0.48 -0.48 
19 0.64 -0.51 -0.48 -0.47 
22 -0.30 -0.48 -0.41 -0.42 
25 -0.25 -0.54 -0.39 -0.45 
12
b 0.40 -0.49 -0.47 -0.47 
13
b 0.55 -0.54 -0.51 -0.48 
27 0.16 -0.49 -0.48 -0.48 
28 -0.26 -0.67 -0.55 - 
29 -0.13 -0.54 -0.44 -0.43 
35 0.28 -0.40 -0.41 -0.41 
37 -0.17 -0.43 -0.39 -0.44 
40 -0.29 -0.40 -0.36 -0.41 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. b 
Ir(PNP)Cl3 12 and Ir(PNN)Cl3 13 (M06/lanl2dz, gas phase). 
c Axial chlorines. 
 
Table 4.4. Atomic polar tensor (APT) atomic charges of 3[L2LʹIrCl3]. 
Complexa Ir Cl1 Cl2c Cl3c 
16
T
 1.06 -0.52 -0.48 -0.48 
19
T
 1.05 -0.48 -0.43 -0.43 
22
T
 0.24 -0.50 -0.58 -0.60 
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25
T
 0.13 -0.50 -0.58 -0.58 
12
T b 0.83 -0.48 -0.65 -0.65 
13
T b 1.00 -0.52 -0.67 -0.65 
27
T
 0.82 -0.53 -0.67 -0.67 
28
T
 0.67 -0.64 -0.71 - 
29
T
 0.40 -0.52 -0.64 -0.63 
35
T
 1.11 -0.50 -0.41 -0.41 
37
T
 0.11 -0.40 -0.46 -0.53 
40
T
 0 -0.32 -0.46 -0.52 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. b 
Ir(PNP)Cl3 12 and Ir(PNN)Cl3 13 (M06/lanl2dz, gas phase). 
c Axial chlorines. 
 
Replacing chlorine by bromine, L2(CO)IrBr3 (L = NF3 (36), NH3 (17) and 
NMe3 (20)), does not induce significant change in the APT atomic charges (Table 4.7 
and Table 4.8) when the ground state is changed to the triplet state. It has been found 
that complexes 36 and 20 show similar ligand dissociation (Figure 4.2) as their 
chlorine analogs (35 and 19) with slightly more destabilized products (Table 4.5).  
trans-(NH3)2(CO)IrBr3 (17) is predicted to fit well the expectations for photo 
reductive elimination of Br2. Thus, the spin density on the axial bromines is 0.94 e
– 
(Table 4.6) in 17T and the triplet excited structure (Figure 4.2) shows an Ir–Br bond 
elongation (2.53 Å to 2.81 Å for both axial bromines). This is further supported by the 
small energy gap of 3.4 kcal/mol between the triplet excited state free energy and 
anticipated photoproducts free energy. Similar DFT results were obtained for the 
photo active trans-(PEt3)2Pt(R)Br3.
41  
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Figure 4.2. Bond lengths (Å), singlet lowest energy structures of 36S, 17S, 20S and 
triplet lowest energy structures of 36T, 17T, 20T (hydrogen atoms omitted for clarity). 
 
Table 4.5. Predicted free energies (kcal/mol) in different ligand systems for L2LʹIrBr3 
complexes for photo reductive elimination. 
Complexa Triplet excited 
state 
 3Ir(III)Br3 
Ground state 
1Ir(I)Br + 1Br2 
GP - GT 
17 45.1 48.5 3.4 
20 28.8 41.6 12.8 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
41.7 50.5 8.8 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
41.6 41.8 0.2 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
45.6 39.5 -6.1 
Fehler! 
Verweisquelle 
43.5 49.3 5.8 
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konnte nicht 
gefunden werden. 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
39.8 28.3 -11.5 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
37.2 23.2 -14.0 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
7.6 22.2 14.6 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
42.6 46.0 3.4 
41 39.5 32.5 -7 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. 
 
Table 4.6. Mulliken atomic spin densities of 3[L2LʹIrBr3]. 
Complexa Ir Br1 Br2b Br3b 
17
T
 0.95 0.13 0.47 0.47 
20
T
 1.25 0 0.22 0.22 
23
T
 1.01 0.23 0.38 0.39 
26
T
 0.99 0.21 0.39 0.44 
30
T
 0.85 0.16 0.50 0.50 
31
T
 0.95 0.14 0.47 0.47 
32
T
 1.10 0.02 0.27 0.30 
34
T
 0.74 0.18 0.55 0.55 
36
T
 1.38 0 0.27 0.27 
38
T
 0.87 0.16 0.53 0.48 
41
T
 0.84 0.20 0.50 0.47 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms.  
b Axial bromines. 
 
Table 4.7. Atomic polar tensor (APT) atomic charges of L2LʹIrBr3. 
Complexa Ir Br1 Br2b Br3b 
17 0.37 -0.44 -0.44 -0.44 
20 0.20 -0.33 -0.27 -0.27 
Fehler! 
Verweisquelle 
-0.44 -0.40 -0.38 -0.37 
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konnte nicht 
gefunden werden. 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.41 -0.43 -0.37 -0.37 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.29 -0.37 -0.36 -0.36 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.24 -0.39 -0.38 -0.38 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.40 -0.28 -0.28 -0.28 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.53 -0.26 -0.28 -0.28 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
0.11 -0.31 -0.35 -0.35 
Fehler! 
Verweisquelle 
konnte nicht 
gefunden werden. 
-0.33 -0.36 -0.33 -0.39 
41 -0.44 -0.34 -0.32 -0.31 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms.  
b Axial bromines. 
 
Table 4.8. Atomic polar tensor (APT) atomic charges of 3[L2LʹIrBr3]. 
Complexa Ir Br1 Br2b Br3b 
17
T
 0.53 -0.51 -0.39 -0.39 
20
T
 1.01 -0.42 -0.40 -0.40 
23
T
 0 -0.45 -0.43 -0.51 
26
T
 -0.19 -0.43 -0.47 -0.38 
30
T
 -0.05 -0.43 -0.32 -0.32 
31
T
 -0.15 -0.41 -0.37 -0.37 
32
T
 0.88 -0.35 -0.31 -0.31 
34
T
 -0.12 -0.38 -0.22 -0.22 
36
T
 0.96 -0.38 -0.32 -0.32 
38
T
 -0.21 -0.38 -0.29 -0.34 
41
T
 -0.38 -0.25 -0.27 0.37 
 68 
 
a Gas phase calculation with M06/ LANL2TZ for Ir and cc-pvDZ for all other atoms. 
b Axial bromines. 
 
Ligand dissociation may be hindered by a chelating ligand (PNP, PNN, CNC 
and CCC) which locks in meridional configuration. The computed APT atomic 
charges of 12T, 13T¸ 27T and 28T indicate significant increasing in negative charge 
around the axial chlorides (Tables 4.3 - 4.4) suggesting halide ion formation. The spin 
densities of 12T, 13T  ¸ 27T and 28T appear to be similar in magnitude as for 16T an 
19
T(Table 4.2). More importantly, the predicted free energies show an enormous 
stabilization in the lowest energy ground state of octahedral complexes 12S, 13S¸ 27S 
and 28S. Hence, the free energy difference between the triplet free energy and 
anticipated photoproducts (Table 4.1) is very large (at least 43 kcal/mol), where the 
photoproducts are higher in energy. Photoreductive elimination of Cl2 from the pincer 
complexes is disfavored due to low-lying triplet excited states. The increasing in APT 
atomic charge, low spin densities at the axial chlorides and low-lying triplet excited 
states suggest that the photochemistry will be dominated by chloride ion dissociation. 
Figure 4.3 pictorially presents Cl–Ir bond elongation. For the triplet excited 28T, PMe3 
dissociation is detected instead. This is in agreement with Adamson’s rule, which 
states that photo induced dissociation will occur along a weak field axis (Cl-Ir-PMe3) 
and the strong field ligand (PMe3) will dissociate.
109-111 This is observed in the triplet 
excited state. Experimentally, halide dissociation is observed for 12 and 13 as shown 
in Chapter 3.   
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Figure 4.3. Bond lengths (Å), singlet lowest energy structures of 12S, 13S, 27S, 28S and 
triplet lowest energy structures of 12T, 13T, 27T, 28T (hydrogen atoms, tBu and Et 
groups omitted for clarity). 
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DFT calculations of phosphine based metal complexes (dmpe, dppe, PMe3, 
P(OMe)3 and P(OPh)3) are discussed in the next paragraph. First, mer-(PMe3)3IrCl3 
(29) was computed to give a highly stabilized iridium metal complex (86.8 kcal/mol 
lower in energy than anticipated products, see Table 4.1). The calculated triplet 
excited state free energy is similar in magnitude to 12T, 13T¸ 16T, 19T, 27T and 28T 
discussed above and is much lower in energy than the expected products (~ 45 
kcal/mol). This is comparable to the pincer compounds. Nevertheless, the atomic spin 
densities on the chlorine atoms seem to improve ~ 0.65 e– and are approaching 1 e– 
spin density (Table 4.2). For the axial chlorines the APT atomic charge is increasing 
in the triplet excited state suggesting chlorine anion formation (Table 4.3 - Table 4.4). 
The DFT predicts Cl– photo dissociation in compound 29 (Figure 4.4). Analogous 
observations were made for Ir(triphos)X3 (Chapter 2). 
 
  
 
29
S 29T 
 
 
Figure 4.4. Bond lengths (Å), singlet lowest energy structures of 29S and triplet lowest 
energy structures of 29T (hydrogens omitted for clarity). 
 
Substitution from the monodentate tris PMe3 ligand to the bidentate chelating 
phosphines dmpe and dppe with a cis configuration around the metal center and the 
carbonyl group trans to the phosphine gives a meridional orientation of the halides 
(Scheme 4.1). It seems that the anticipated photoproducts of L2(CO)IrCl3 become 
more stabilized (~ 20 kcal/mol) compared to 29 (Table 4.13 and Table 4.17). The 
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triplet excited state energies of 22 and 25 remain similar in magnitude to that of 29 
(Table 4.1). The APT atomic charge of the axial chlorines is also increasing upon 
excitation to the triplet excited state indicating some chlorine anion character (Table 
4.3 and Table 4.4). However, the spin densities also increase (~ 0.8) compared to 29 
(Table 4.2). These ligands appear promising for iridium-based photoreductive 
elimination of Cl2.  However, we must keep in mind that this is a DFT investigation 
and complexes such as 22 and 25 will probably not form experimentally because two 
strong field ligands are trans to one another. In reality the carbonyl group would 
orient trans to a chlorine atom to form a facial analog. The fac analogues of 22 and 25 
have not been computed but it is expected that Adamson’s Rules would apply and 
ligand (CO) photo dissociation would predominate.109-111 Similar photochemistry is 
discussed in Chapter 2.  
 
 
 
 
  
 
22
S 25S  
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Figure 4.5. Bond lengths (Å), singlet lowest energy structures of 22S, 25S and triplet 
lowest energy structures of 22T, 25T (hydrogens and phenyl rings omitted for clarity). 
 
 
 
When chlorine is changed to bromine in L2(CO)IrX3 (L = dmpe, dppe) the 
photo products’ (Ir(I)Br + Br2) free energy is even lower and the identical triplet 
excited state energies of 23T and 26T are slightly lower in magnitude (8.8 kcal/mol for 
23 and 0.2 kcal/mol for 26) than the photo products (Table 4.5).  Furthermore, the spin 
densities on the bromine atoms of 23T and 26T are exactly 1 e– (Table 4.6), 
accompanied by strong elongation of axial Ir–Br bonds (Figure 4.6). Overall, the APT 
atomic charge increase from the lowest energy ground state to the triplet excited state 
is minor and can be neglected (Table 4.7 and Table 4.8). It is obvious from the data in 
Table 4.5 that the decreasing donor ability of the phosphine ligands from dmpe to 
dppe has some destabilizing effect on the photoproducts. No effect on the triplet 
excited state energy is observed. Calculated complexes 23 and 26 fulfill the criteria for 
photoreductive elimination of Br2 and if 23 and 26 are prepared photoreactivity could 
be expected. 
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Figure 4.6. Bond lengths (Å), singlet lowest energy structures of 23S, 26S and triplet 
lowest energy structures of 23T, 26T (hydrogens and phenyl rings omitted for clarity). 
 
 
 
Lastly, monodentate phosphine and phosphite ligands are discussed in 
L2(CO)IrX3 (PF3, PH3, PMe3, P(CF3)3, P(OMe)3 and P(OPh)3, X = Cl and Br). For X 
= Cl only phosphite complexes 37 and 40 were calculated. Figure 4.7 presents 
distorted octahedral structures of 37 and 40 in their triplet excited state. The axial 
chlorine–iridium–chlorine bond length increases from 2.40 Å and 2.42 Å to 2.64 Å 
and 2.69 Å for 37T and from 2.40 Å and 2.41 Å to 2.67 Å and 2.69 Å for 40T. 
Moreover the chlorine atoms show radical character due to high spin density of ~ 0.9 
for 37T and 40T (Table 4.2). The APT atomic charges of 37S, 40S, 37T and 40T (Table 
4.3 and Table 4.4) indicate some chloride ion character in the triplet excited state. The 
free energy of the triplet excited state is only 7.4 kcal/mol for 37 and 2.9 kcal/mol for 
40 lower than the free energy of anticipated photoproducts (Table 4.1). The high spin 
density of excited complexes 37T and 40T, axial iridium–chlorine bond elongation and 
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small energy difference from the triplet excited complex to trans-L2(CO)IrCl and Cl2 
(L = P(OMe)3 and P(OPh)3) identify two ligand candidates for experimental 
investigation.   
 
  
 
37
S 40S  
  
 
37
T 40T 
 
 
Figure 4.7. Bond lengths (Å), singlet lowest energy structures of 37S, 40S and triplet 
lowest energy structures of 37T, 40T (hydrogens and phenyl rings omitted for clarity). 
 
 
 
The computed data of trans-L2(CO)IrX3 complexes (X = Br; L = PF3, PH3, 
PMe3, P(CF3)3, P(OMe)3 and P(OPh)3) are summarized in Table 4.5 - Table 4.8.  
Predicted spin densities for 34T, 30T, 31T, 38T and 41T in the triplet excited state are 
>1 except for 32T the spin density is 0.59 (Table 4.6). The high spin density at the 
bromine atoms suggests radical formation in the excited state. The spin densities 
increase in the order of decreasing donor ability of the neutral phosphine ligands PMe3 
< PH3 < P(OMe)3 = P(OPh)3 < PF3 (1.28 e
–). In the case of complex 32, with its 
highly fluorinated ligands, one could argue that P(CF3)3 becomes a weak field ligand 
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due to the strong electron withdrawing fluorines. That is changing the weak field axis 
at the metal center from Br–Ir–Br to (CF3)3P–Ir–P(CF3)3 and ligand dissociation is 
observed (Figure 4.8). Within the computational error the triplet free energies of 32T, 
34
T, 30T, 31T, 38T and 41T are effectively the same. However, the photo products’ 
(trans-L2(CO)IrBr + Br2) free energies decrease upon altering the phosphine ligands 
in the following order PMe3 > P(OMe)3 > PH3 > P(OPh)3 > P(CF3)3 > PF3 (Table 4.5).  
This order essentially follows Tolman’s arrangement of phosphine ligands depending 
on their σ donor ability except that P(OMe)3 and PH3 appear to be switched in their 
order.147 The APT atomic charges for 32, 34, 30, 31, 38 and 41 do not significantly 
change from the ground state (Table 4.7) to the triplet state (Table 4.8); hence, no 
bromide anion formation is predicted. trans-L2(CO)IrBr3 complexes (L = PF3, PH3, 
PMe3, P(OMe)3 and P(OPh)3) show elongation of the axial iridium–bromine bond 
when excited from the ground state (~ 2.29 – 2.39 Å) to the triplet state (~ 2.82 – 2.89 
Å) (Figure 4.8).  These complexes represent a wide range of compounds which could 
photoreductively eliminate Br2. Of course, the ligands could lead to some restriction in 
reactivity, solubility and complex stability. These factors have to be researched 
experimentally.  
   
32
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Figure 4.8. Bond lengths (Å), singlet lowest energy structures of 30S, 31S, 32S, 38S, 
41
S and triplet lowest energy structures of 30T, 31T, 32T, 38T, 41T  (hydrogens, methyl 
groups and phenyl rings omitted for clarity). 
 
 
Hydroxo complexes are very important in catalytic water splitting for solar 
energy conversion and storage. The complexes are crucial intermediates for separating 
water into its elemental components hydrogen (H2) and oxygen (O2).
44,45,148 That is 
why we extended our DFT investigation to trans-L2(CO)Ir(OH)3 (L = NH3, NMe3, 
dmpe, P(CF3)3 and P(OMe)3).  
This family of compounds is highly susceptible to hydrogen bonding and 
introduction of polar ligands may lead to extra stability or other factors which can 
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deactivate photoactivity. In fact the APT atomic charges of 18, 21, 24, 33 and 39 
remain virtually the same when exciting the metal complexes from the ground state 
(Table 4.11) to the triplet state (Table 4.12). Evidently upon excitation no hydroxide 
anion is being generated.  
The optimized DFT singlet and triplet structures of 18, presented in 
Figure 4.9, show intramolecular hydrogen bonding between OH groups. No iridium–
hydroxo bond elongation is observed in the triplet excited-state structure (18T). 
Instead Ir–CO bond elongation is predicted, with 0.53 e– on the CO group (Table 
4.10). However, the CO bond length does not change significantly. Instead, Ir–CO 
bond elongation is observed. Photolysis of 18 could result in facile CO loss and lead 
to dimerization. Also, the free energy difference between the lowest triplet state and 
trans-(NH3)2(CO)Ir(OH) + H2O2 is quite large (~ 10 kcal/mol, see Table 4.9).  
 
  
 
18
S 18T 
 
 
Figure 4.9. Bond lengths (Å), singlet lowest energy structures of 18S and triplet lowest 
energy structures of 18T. 
 
Calculated ground state (21S) and triplet structures (21T) for 21 also have 
intramolecular hydrogen bonding (as shown for 18 in Figure 4.9) between the hydroxy 
groups as well as the ligands. In the triplet structure of 21T the Ir–NH3 bond is 
elongated and no Ir–OH bond dissociation is predicted (Figure 4.12). In addition, the 
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free energy gap between the triplet excited state 21T and the ground state of the 
anticipated products ((NMe3)2(CO)Ir(OH) + H2O2) is very large (38.4 kcal/mol, see 
Table 4.33).  Anticipated photo reductive elimination of hydrogen peroxide is strongly 
disfavored due to low free energy of 21T and NMe3 dissociation is computed instead. 
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Figure 4.10. Bond lengths (Å), singlet lowest energy structures of 21S and triplet 
lowest energy structures of 21T  (hydrogen atoms omitted for clarity). 
 
Complex 24 with chelating dmpe ligand has intramolecular hydrogen 
bonding in the lowest energy singlet structure 24S and lowest energy triplet structure 
24
T (Figure 4.11). The hydrogen bonding is between the hydroxy groups and the 
methyl hydrogens of dmpe (Figure 4.11). Upon excitation the complex follows 
Adamson’s Rules and Ir–CO bond elongation is calculated with 0.62 e– at carbon 
monoxide (Table 4.10).109-111 The computed free energies of 24T and 
(dmpe)(CO)Ir(OH) +H2O2 are 12.5 kcal/mol apart, where 24
T is lower in energy 
(Table 4.9). Analogously as observed for 18, photo induced CO dissociation is 
calculated for 24. 
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Figure 4.11. Bond lengths (Å), singlet lowest energy structures of 24S and triplet 
lowest energy structures of 24T. 
 
Intramolecular hydrogen bonding is also observed for 33 and 39 in the 
ground state (33S and 39S) and triplet structures (33T and 39T). Furthermore, strong 
iridium – phosphine bond elongation is computed in the triplet excited state (Figure 
4.12).  The photoreductive elimination of hydrogen peroxide is further disfavored by 
the large energy gap (15.5 kcal/mol for 33 and 20.3 kcal/mol for 39) between the 
triplet excited state and photoproducts (Table 4.9).  Interestingly, complexes 33 and 
39 are predicted to have a similar dissociative photochemistry as for Ir(triphos)X3 (X 
= Cl and Br, see Chapter 2) and Adamson’s Rules seem not to apply for these 
complexes. Clearly the weak field axis in 33 and 39 is the HO – Ir – OH axis.  
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Figure 4.12. Bond lengths (Å), singlet lowest energy structures of 33S, 39S and triplet 
lowest energy structures of 33T, 39T. 
 
Table 4.9. Predicted free energies (kcal/mol) in different ligand systems for trans-
L2(CO)Ir(OH)3 complexes for photo reductive elimination. 
Complexa Triplet excited 
state 
 3Ir(III)(OH)3 
Ground state 
1Ir(I)(OH) + 
1H2O2 
GP - GT 
18 50.4 60.3 9.9 
21 21.3 59.7 38.4 
24 55.4 67.9 12.5 
33 26.6 42.1 15.5 
39 40.0 60.3 20.3 
a Gas phase calculation with M06/LANL2TZ for Ir and cc-pvDZ for all other atoms. 
 
Table 4.10. Mulliken atomic spin densities of 3[trans-L2(CO)Ir(OH)3]. 
Complexa Ir OH1 OH2b OH3b 
18
T
 0.95 0.11 0.19 0.19 
21
T
 1.35 0.02 0.19 0.17 
24
T
 0.80 0.30 0.24 0.01 
33
T
 1.20 0.02 0.26 0.29 
39
T
 1.23 0.02 0.21 0.26 
a Gas phase calculation with M06/LANL2TZ for Ir and cc-pvDZ for all other atoms. 
b Axial OH. 
Table 4.11. Atomic polar tensor (APT) atomic charges of trans-L2(CO)Ir(OH)3. 
Complexa Ir OH1 OH2b OH3b 
18 0.51 -0.50 -0.45 -0.42 
21 0.75 -0.50 -0.45 -0.47 
24 -0.19 -0.42 -0.44 -0.42 
33 -0.04 -0.34 -0.36 -0.42 
39 -0.12 -0.42 -0.37 -0.40 
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a Gas phase calculation with M06/LANL2TZ for Ir and cc-pvDZ for all other atoms. 
b Axial OH. 
 
Table 4.12. Atomic polar tensor (APT) atomic charges of 3[trans-L2(CO)Ir(OH)3]. 
Complexa Ir OH1 OH2b OH3b 
18
T
 1.15 -0.64 -0.42 -0.40 
21
T
 1.14 -0.51 -0.37 -0.39 
24
T
 0.31 -0.50 -0.38 -0.46 
33
T
 0.46 -0.59 -0.25 -0.22 
39
T
 0.58 -0.49 -0.36 -0.32 
a Gas phase calculation with M06/LANL2TZ for Ir and cc-pvDZ for all other atoms. 
b Axial OH. 
 
4.2.2 Photochemistry 
In the forgoing section (4.2.1), we discussed a series of ligands trans-
L2(CO)IrX3 (X = Cl, Br and OH) for photo reductive elimination of X2. In fact, it was 
possible to identify several compounds which seem to fit the criteria. Especially PPh3, 
P(OMe)3 and P(OPh)3 ligands caught our attention. No calculations were performed 
for trans-(PPh3)2(CO)IrX3 (X = Cl, Br) but the trans-(PH3)2(CO)IrBr3 was calculated 
instead. The complex trans-(PPh3)2(CO)IrCl3 (42) is easily prepared and has poor 
solubility (~ 1 mg/mL in benzene).149 Surprisingly, trans-L2(CO)IrX3 (X = Cl, Br; L = 
P(OMe)3 and P(OPh)3) are not reported in the literature but the phosphite ligands are 
known to be susceptible to nucleophilic attack to form phosphonato metal 
complexes.150    
Complex 42 was used as a model complex for halogen photoreductive 
elimination. Complex 42 was prepared according to a literature procedure and 
photolized (380 nm) in d6-benzene solution.
150 Photolysis of 42 in the presence of an 
alkene trap (tme) results in formation of a known Ir(III) mono hydride complex (eq 
21). The tme trapping products were not characterized. Upon changing the trap to 
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tetrahydrofuran (thf) the same photoproduct was formed (eq 22). The photo 
conversion was monitored by 31P NMR. (PPh3)2(CO)IrCl2H is presumably formed by 
the reaction of (PPh3)2(CO)IrCl and HCl but no (PPh3)2(CO)IrCl is detected during the 
course of the photolysis.  
 
 
eq 21 
 
 
 
eq 22 
 
The hydrogen chloride and (PPh3)2(CO)IrCl2H reaction was examined for the 
catalytic cycle of solar energy conversion and storage. The reaction does not proceed 
at room temperature but (PPh3)2(CO)IrCl2H readily converts to 42 when photolized at 
313 nm  in CH2Cl2 (eq 23). No H2 was detected by 
1H NMR spectroscopy probably 
due to the small concentration of starting material and poor solubility of hydrogen gas 
in benzene.151 However the conversion to 42 was confirmed by 31P NMR. 
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eq 23 
 
The stepwise study of the catalytic cycle (Scheme 4.3) shows that each 
reaction–oxidative addition of HCl to (PPh3)2(CO)IrCl,152 evolution of hydrogen, 
formation of 42 and regeneration of the catalyst trans-(PPh3)2(CO)IrCl (not 
observed)–can work on its own. When 42 is dissolved in 0.6 mL d6-benzene with 0.01 
mL THF, pressurized with dry HCl and photolized for 136 hr in a J-Young NMR tube 
to test for catalysis no H2 evolution is observed. In fact, a new peak in the 
1H NMR 
grows in at δ 4.27 and a series of new Ir(III) based complexes are evident in the 31P 
NMR (were not characterized). The new signal in the proton NMR coincides with the 
reported signal of CH2Cl2 in d6-benzene.
153 It is not clear how methylene chloride 
could be formed under these conditions. Assuming that CH2Cl2 is formed, we 
quantified the amount using the benzene signal from d6-benzene (99.5 %) as internal 
standard. The total conversion in 136 hr corresponds to about 8 % of CH2Cl2 being 
formed.  
 
Scheme 4.3. Possible catalytic cycle of 42 
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4.3 Conclusion 
For complexes 16, 17, 18, 19, 20, 21, 35 and 36 the DFT calculations predict 
dissociative photochemistry. In particular, metal–ligand bond elongation is observed. 
In the case of meridional tridentate ligands in 12, 13, 27 and 28, photo excitation leads 
to chloride ion dissociation. Finally, compounds 22, 23, 24, 25, 26, 29, 30, 31, 32, 33, 
34, 37, 38, 39, 40 and 41 with phosphine ligands were investigated. On the one hand, 
a similar photo reaction is predicted for the hydroxy complexes as for the amine 
complexes 18 and 21 presumably due to strong intramolecular hydrogen bonding. 
When changing X to Cl or Br and L to a poor electron donor but a good  acceptor in 
L2(CO)IrX3 the DFT calculations indicate X–Ir–X bond elongation and radical pair 
formation. Similar DFT results were obtained for photo active Pt(IV) complexes.41,43-
45 L2(CO)IrBr3 with L  = P(OMe)3 or P(OPh)3 are computed to be very promising 
towards photo reductive elimination of Br2. 
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To test the DFT accuracy in predicting photo active systems, compound 42 
was used as a model complex. Surprisingly, no CO was lost under the photolytic 
conditions monitored. Instead, 42 reacts with a substrate to yield (PPh3)2(CO)IrCl2H 
which can further react with HCl under photolysis and give back 42. However, no 
photo reductive elimination of Cl2 was observed. Nevertheless, we were able to show 
that DFT gives reasonable predictions for photo active metal complexes.       
4.4 Experimental 
General Details. (PPh3)2(CO)IrCl3 (42)  was prepared by reported 
procedure.149 Reagents were purchased from commercial sources (Aldrich or Acros) 
and used as received. Experiments were performed under a dinitrogen atmosphere in a 
Vacuum Atmospheres Corporation drybox or on a Schlenk line unless otherwise 
indicated. Solvents were dried, degassed and stored under dinitrogen over 4 Å 
molecular sieves or sodium metal. Solution NMR spectra were recorded on a Bruker 
AMX-250 or -300 spectrometer at ambient probe temperatures. NMR shifts are given 
in  with positive values downfield of TMS (1H) or external H3PO4 (31P). 31P NMR 
spectra were recorded in proton-decoupled mode. Uv-vis spectra were recorded on a 
Cary 50 or Hewlett-Packard 8452 diode array spectrophotometer in quartz cells. 
Photolysis was performed in 5 mm NMR tubes or 5 mm J-Young NMR tubes using a 
home built tube photoreactor consisting of a short section of 4.2 cm PVC pipe lined 
with 24 LED’s (superbrightleds.com, RL5 - UV031 5mm UV LED) connected in 
series (380 nm emission). Detailed procedures for each experimental set are given 
below.  
Photolysis of (PPh3)2(CO)IrCl3 with trap: A saturated d6-benzene 0.5 mL 
solution of 42 in the presence of excess tme was photolized in the tube reactor for 1.5 
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hr. The only signal in the 31P NMR spectrum after photolysis is of the known 
(PPh3)2(CO)IrCl2H, which suggests quantitative conversion.
152  
31P NMR (d6-benzene): 
1H NMR (d6-benzene):  14.52 (t, 11.6 Hz, hydride) 
A saturated thf ~ 0.5 mL solution of 42 was photolized for 25 min in the tube 
reactor resulting in the formation of (PPh3)2(CO)IrCl2H and some leftover starting 
material 42. 
31P NMR (THF): 
Photolysis of (PPh3)2(CO)IrCl2H with HCl: Dry HCl gas was bubbled 
through a saturated CH2Cl2 ~ 1 – 2 mL solution in a 4 mL vial, of poorly soluble 
(PPh3)2(CO)IrCl2H , for 5 min. Subsequently an aliquot was transferred into a 5 mm 
NMR tube and photolized at 313 nm for 20 min using a Philips PL-S 9W/01, 9 W 
lamp. The 31P NMR spectrum confirmed quantitative back conversion to 42.    
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5. Chapter 5: 
PHOTOCHEMISTRY of [PtX6]
2-
 in CH2Cl2 
5.1 Introduction  
Recently the Sharp group studied the octahedral platinum(IV) complexes 
trans-L2Pt(R)X3 (L = PEt3; X = Cl, Br; R = polycyclic aromatic hydrocarbon (PAH) 
or halogen) as model systems for halogen photo reductive elimination.41,43,154 Halogen 
photo induced reductive elimination (step 3 in Scheme 1.1) is believed to be the key 
step a the solar energy conversion and storage cycle.24 The platinum(IV) complexes 
mentioned above are photo active. In the presence of a halogen trap, the Pt(IV) 
complexes undergo photo induced reductive elimination to yield reduced platinum(II) 
complexes and oxidized trap (X2trap; X = Cl and Br). The photo active platinum 
complexes are analogues of the simplest octahedral Pt(IV) hexahalo complexes 
([PtX6]
2-; X = Cl and Br), except the neutral PEt3 ligands and R group are replaced 
with ionic halogen ligands (Figure 5.1). To extend our knowledge and make the 
photochemistry comparable to (PEt3)2Pt(R)X3 we studied the photochemistry of 
[PtX6]
2- (X = Cl and Br) in dichloromethane. In contrast to our investigations in 
CH2Cl2 previous studies were performed in aqueous media.
103,155-173 
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Figure 5.1. Analogous platinum(IV) complexes trans-(PEt3)2Pt(R)X3 and [PtX6]
2- (X = 
Cl, Br).  
 
The photolysis of [PtBr6]
2- in aqueous media gives [Pt(H2O)Br5]
1- and a 
bromine anion (eq 24) as final products. However, there have been some 
contradictions to the mechanism of photo conversion of [PtBr6]
2- (43) and several 
proposals were made to describe this process.  
 
 
eq 24 
 
Firstly, Sporer and Adamson proposed a chain mechanism involving [PtBr5]
2- 
and Br atom intermediates (eq 25).174 The chain carrying reaction is thought to 
proceed through an atom exchange between 43 and [PtBr5]
2- (eq 26). The reverse 
reaction in eq 25 is believed to be the termination step of the chain mechanism.174  
 
 
eq 25 
 
 
eq 26 
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Secondly, Penkett and Adamson suggest a photo reductive elimination 
mechanism to form a reduced [PtBr4]
2- and Br2 (eq 27) in presence of 
hydroquinone.175 
 
eq 27 
 
Thirdly, heterolytic cleavage of a Pt-Br bond to form [PtBr5]
– and Br– anions 
(eq 28) was suggested by Balzani and others.158,159,176 A recent computational and 
transient spectroscopic investigation provides strong evidence for Br–anion 
elimination.103 Interestingly, [PtBr6]
2– can be photo reduced to [PtBr4]2- in the presence 
of alcohols even at 77 K.169,173 
 
 
eq 28 
 
The photochemistry of [PtCl6]
2– was not as extensively investigated. 
Similarly as for the bromo analogue, several different potential photochemical 
pathways were suggested. A radical mechanism was proposed by Waltz and others, 
comparable to eq 24.160,168,177,178 Another interesting mechanism is the reduction of 
[PtCl6]
2– to [PtCl6]3– via an electron transfer from a substrate, which further 
dissociates to [PtCl5]
2– and Cl–form a platinum(III) intermediate.162 The heterolytic 
dissociation of the Pt-Cl bond has also been suggested.179-181  
In this chapter the photochemistry of [PtX6]
2– (X = Cl or Br) in 
dichloromethane is discussed. The results are contrasted to the results obtained from 
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trans-L2Pt(R)X3 (L = PEt3; X = Cl or Br; R = halogen or PAH) photolysis in organic 
solvents. Possible similarities and their differences in photochemistry are reviewed 
below. 
5.2 Results and Discussion  
Known complexes [PtBr6][TBA]2
182 (43) and [PtCl6][TBA]2
182 (44) were 
prepared by reported literature procedures and identified by 195Pt NMR and UV-vis 
spectroscopy. The complexes 43 and 44 are isoelectronic and isostructural but their 
reported reactivity under photolysis is different. As expected, 43 and 44 are very 
soluble in CH2Cl2, which makes them easy to study. 
Irradiation (313 nm) of a CH2Cl2 solution of 43 (eq 29) or 44 (eq 30) in a 
5mm NMR tube yields no noticeable color change and the 195Pt NMR spectrum after 
photolysis establishes the inertness of the excited state platinum(IV) complexes 
towards solvent reaction. Therefore, different halogen traps (1-hexene, 2,3-dimethyl-
2-butene (tme), norbornene (nb), and propylene) were used to probe the reactivity of 
the excited state platinum complexes 43 and 44 for reductive elimination of halogen 
via oxidation of alkene. Ancillary ligands were introduced (dimethyl solfoxide (dmso) 
and tetrahydrofuran (thf)) to monitor ligand exchange as previously shown in aqueous 
media (eq 24). 
 
 
eq 29 
 
 
eq 30 
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Photolysis (313 nm, 1 hr) of a yellow solution of 44 in presence of an alkene 
trap (1-hexene, tme, nb and propylene) always results in reduction of 44 to [PtCl4]
2– 
(45) (eq 31). The formed complex was observed by 195Pt NMR δ -1490 (organic 
products were not monitored).  
 
eq 31 
 
Since an excess of alkene is used  formation of new compounds, like Zeise’s salt’s, is 
expected during the course of photolysis. In order to isolate the possible alkene adduct 
of Pt(II) we removed one chloride by reacting with silver triflate (AgOTF) and 
observed a 195Pt NMR signal at δ -1270. This new 195Pt NMR signal does not 
correspond to the reported 195Pt NMR data for Zeise’s salt ethylene analogues.183,184 
The new complex obtained by the reaction of AgOTF most likely is a Pt(II) dimer 
[PtCl3]2
2– (46). The downfield shift change in the 195Pt NMR from 45 to 46 is 
consistent with the previously reported 195Pt NMR data for the bromine analogs of 45 
and 46, [PtBr4]
2– (47, δ -2528) and [PtBr3]22– (48, δ -2300).184,185 Photolysis (313nm 
for 1hr) of 43 in a CH2Cl2 solution in the presence of an ancillary ligand (L: 
dimethylsulfoxide (dmso) and tetrahydrofuran (thf)) results in no significant color 
change and the 195Pt NMR analysis establishes that no ligand exchange has occurred 
under these conditions.   
In organic solvents and in the presence of an alkene trap, it has been reported 
that the neutral platinum(IV) complexes trans-(PEt3)2Pt(R)Cl3 undergo net chlorine 
photoreductive elimination.43 In the proposed mechanism the reactive species is an 
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octahedral platinum intermediate with an elongated Pt–Cl bond in the triplet excited 
state. This intermediate directly reacts with the halogen trap and no evidence for Cl2 
elimination was found. Under photolysis, in the absence of trap trans-(PEt3)2Pt(R)Cl3 
decomposes oxidizing the ancillary ligand to form Cl2PEt3, [Pt(PEt3)(μ-Cl)Cl]2, 
unidentified P-containing products and trans-(PEt3)2Pt(R)Cl with a chlorinated R-
group.43 Presumably photo excitation of trans-(PEt3)2Pt(R)Cl3 leads to a very reactive 
radical pair [(PEt3)2Pt(R)Cl2….Cl ], which then reacts with a substrate or itself. A 
similar reaction mechanism was proposed for the photo excitation of 44 in aqueous 
media.170 Having this in mind, photo induced reactions of 44 in CH2Cl2 and the 
presence of a reducing agent (alkene) seem to be solvent (H2O or dcm) independent 
and follow presumably a similar photo process as for trans-(PEt3)2Pt(R)Cl3 in organic 
solvent and [PtCl6]
2- in aqueous media.43,170  
Photolysis (313 nm) of a dcm solution of 43 in the presence of tme or 1,5-
cyclooctadiene (cod) results in no reaction presumably due to bromide ion 
dissociation (eq 29). On the contrary, photolysis (313 nm) of the neutral complexes 
trans-L2Pt(R)Br3 in organic solvents in the presence of the same tme trap results in 
bromination of the trap (Br2trap) due to efficient photo induced Br2 reductive 
elimination.41  To prove our assumption of bromide ion dissociation (eq 29), the 
conditions were changed and photolysis was performed in a dcm solution and the 
presence of dmso (eq 32). Indeed, photolysis gave the known dmso adduct 
[PtBr5(dmso)]
1– (49) (195Pt NMR (dcm): δ -2481),41 which was previously prepared by 
a different route (195Pt NMR (dmso): δ -2331),182 supporting our assumption of halide 
dissociation.41 To prove the observed 195Pt NMR peak at δ -2481 arises from 49, we 
prepared an authentic sample of 49 and obtained the 195Pt NMR spectrum,182 which 
showed an identical chemical shift as observed in the photolysis experiment. When a 
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CH2Cl2 solution of 43 is photolyzed (313 nm) in the presence of thf (eq 33) a 
195Pt 
NMR signal was found at δ -2483 (the 195Pt NMR shift is similar to that of 49). 
However, when volatiles were removed and the solid was redissolved in dcm the 195Pt 
NMR showed only the starting complex 43. Thus, the photo product is not stable and 
readily decomposes to 43; it seems that the complex [Pt(thf)(Br)5]
– (50) is only stable 
in situ.  
 
 
eq 32 
 
 
eq 33 
 
Interestingly, altering the halogen trap to 1-hexene, propylene or norbornene 
(nb) in the photolysis of 43 results in an immediate color change from red to 
yellow/orange. Photolysis (313 nm) of a CH2Cl2 solution of 43 in the presence of a 
large excess of 1-hexene or propylene yields a new signal in the 195Pt NMR  -3348 
for 51 and  -3278 for 52, respectively. The new 195Pt NMR shifts are consistent with 
Zeise’s salt formation (Scheme 5.1) and in fact previous reports of the ethylene adduct 
[Pt(Br)3(C2H4)]
– has its signal at  -3429 in 195Pt NMR.184  
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Scheme 5.1. Photo induced reduction of 43 and Zeise’s salt formation.  
 
 
Surprisingly, a different platinum(II) product is obtained in the presence of 
nb under similar photolysis conditions as discussed above. After working up the 
reaction mixture with AgOTF the photo product was identified as the known bromine 
bridged Pt(II) dimer (Scheme 5.2).  The photochemistry of 43 is compatible with 
halide dissociation as a first step to give Br– and a [PtBr5]– complex which readily 
satisfies its coordination sphere by binding an alkene with less steric hindrance. The 
alkene intermediate decomposes to a reduced Pt(II) complex which can further react 
with a second equivalent of alkene to form the Zeise’s salt.  
 
Scheme 5.2. Photo induced reduction of 43 and [PtBr3]2
2- formation. 
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5.3 Conclusion 
When photolyzed (313 nm) in CH2Cl2 and in the presence of an alkene trap, 
complex 44 is reduced to 45 and does not react with solvent. Presumably photolysis of 
44 generates a highly reactive intermediate (most likely 3[PtCl6]
2–) which oxidizes the 
alkene trap. Previous investigation in aqueous media has shown that 44 in the triplet 
excited state generates a radical pair (eq 29). The same photo-induced mechanism is 
applicable to our investigation in CH2Cl2. Consequently, the obtained data imply that 
the photochemistry of [PtCl6]
2– is closely related to that of the recently studied neutral 
Pt(IV) complexes trans-(PEt3)2Pt(R)Cl3.
43 The authors reported net Cl2 photo 
reductive elimination from the high valent trans-(PEt3)2Pt(R)Cl3 complexes.
43 The 
reactive species is believed to be the Pt(IV) complex in its triplet excited state. In fact, 
the computed triplet excited state of the platinum complex shows a Pt–Cl bond 
elongation and a significant increase in electron density on the axial chlorine, 
suggesting radical pair formation.43 
The photochemistry of [PtBr6]
2– is remarkably unlike the photochemistry of 
trans-(PEt3)2PtBr4 and results in Br
– dissociation. This difference could be attributed 
to three different points: i) solvent, ii) charge and iii) ligand-field strength. Solvent 
influence is negligible because 43 shows no variance in photochemistry upon 
changing the solvent from water to CH2Cl2. The charge effect could be significant. 
One can make the statement that Br anion dissociation from neutral trans-(PEt3)2PtBr4 
would be disfavored by charge separation.  On the other hand, anion loss from 
[PtBr6]
2– should not be difficult as a positive charge is not formed. The ligand-field 
strength is also expected to be important. In Scheme 5.3 the MO diagram presented 
indicates the major difference is in the HOMO between the two complexes. In trans-
(PEt3)2PtBr4 the strong field PEt3 ligand strongly stabilizes the t2g orbitals so that the 
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bromine lone pairs become higher in energy than the t2g orbitals. Hence, upon photo 
excitation the electron is moved into the anti bonding orbital from the bromine lone 
pairs for trans-(PEt3)2PtBr4 or from the t2g orbitals for [PtBr6]
2–. Consequently, that 
would lead to two independent photolysis results.    
 
Scheme 5.3. Proposed MO diagram of triplet excited trans-(PEt3)2PtBr4 and [PtBr6]
2–. 
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5.4 Experimental 
General Details. Hexachloroplatinic(IV) acid,186 [PtBr6][TBA]2
182 and 
[PtCl6][TBA]2
182 were prepared by reported procedures. Reagents were purchased 
from commercial sources (Aldrich or Acros) and used as received. Experiments were 
performed under a dinitrogen atmosphere in a Vacuum Atmospheres Corporation 
drybox or on a Schlenk line unless otherwise indicated. Solvents were dried, degassed 
and stored under dinitrogen over 4 Å molecular sieves or sodium metal. NMR spectra 
were recorded on a Bruker AMX-300 spectrometer at ambient probe temperatures 
except as noted. NMR shifts are given in  with external K2PtCl4 (aq) (195Pt,  -1624). 
UV-vis spectra were recorded on a Cary 50 or Hewlett-Packard 8452 diode array 
spectrophotometer in quartz cells. Photolysis was performed in 5mm NMR tubes or 
8mL vials from KIMBLE CHASE using a Philips PL-S 9W/01, 9 W lamp (313 nm 
emission). Detailed procedures for each experimental set are given below.  
Photolysis of [PtCl6][TBA]2 with TME: A 5 mm NMR tube was charged 
with 0.2 mL CH2Cl2 solution of 5.3 mg (5.9 mol) 44 and 10 L (83.8 mol) tme. 
The solution was photolyzed for 2 hr resulting in a color change from a yellow to a 
light orange solution indicating formation of [PtCl4]
2- at δ -1490 in its 195Pt NMR. 
Subsequent addition of 1.2 mg (4.67 mol) AgOTf results in the formation of a 
chlorine bridged dimer [PtCl3]2
2- as was shown by 195Pt NMR. This complex was not 
isolated. 
195Pt NMR (64 MHz, CH2Cl2) δ -1270 
Photolysis of [PtCl6][TBA]2 with Norbornene: A 5 mm NMR tube was 
charged with 0.2 mL CH2Cl2 solution of 6.7 mg (7.5 mol) 44 and 10 mg (106.2 
mol) norbornene. The solution was photolyzed for 2 hr resulting in a color change 
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from a yellow to a light orange solution indicating formation of [PtCl4]
2- at δ -1490 in 
its 195Pt NMR. Subsequent addition of 1.5 mg (5.84 mol) AgOTF results in the 
formation of a chloride bridged dimer [PtCl3]2
2- as was shown by 195Pt NMR. This 
complex was not isolated. 
195Pt NMR (64 MHz, CH2Cl2) δ -1270 
Photolysis of [PtCl6][TBA]2 with 1-hexene: A 5 mm NMR tube was 
charged with 0.2 mL CH2Cl2 solution of 6 mg (6.7 mol) 44 and 10 L (80.6 mol) 
1-hexene. The solution was photolyzed for 2 hr resulting in a color change from a 
yellow to a light orange solution indicating formation of [PtCl4]
2- at δ -1490 in its 195Pt 
NMR. Subsequent addition of 1.4 mg (5.45 mol) AgOTf results in the formation of a 
chloride bridged dimer [PtCl3]2
2- as was shown by 195Pt NMR. This complex was not 
isolated. 
195Pt NMR (64 MHz, CH2Cl2) δ -1270 
Photolysis of [PtCl6][TBA]2 with propylene: A 8 mL vial was charged with 
1 - 2 mL CH2Cl2 solution of 8.9 mg (9.9 mol) of 44 and sealed with a rubber septum. 
Propylene was bubbled through the solution for 1 min and the vial was pressurized to 
about 1 atm. The solution was photolyzed for 2 hr resulting in a color change from a 
yellow to a light orange solution indicating formation of [PtCl4]
2- at δ -1490 in its 195Pt 
NMR. Subsequent addition of AgOTF results in the formation of a chloride bridged 
dimer [PtCl3]2
2- as was shown by 195Pt NMR. This complex was not isolated. 
195Pt NMR (64 MHz, CH2Cl2) δ -1270 
Photolysis of [PtBr6][TBA]2 with dmso:
41 Under red light, a 5 mm 
borosilicate NMR tube was charged with 10.9 mg (9.4 μmol) of [TBA]2[PtBr6] and 
0.7μL (9.4 μmol) of dmso in 0.3 mL CH2Cl2. The sample was irradiated with a Philips 
PL-S 9W/01, 9 W lamp (313 nm emission) resulting in complete conversion to 
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[Pt(dmso)Br5][TBA] within 30 min (by 
195Pt NMR). No reaction was observed in the 
absence of dmso or with excess TME in place of DMSO. 
195Pt NMR (64 MHz, CH2Cl2): -2481. 195Pt NMR (64 MHz, DMSO): -2331. 
The shifts match that of an authentic sample of [Pt(dmso)Br5][TBA] prepared 
according to the literature.182  
Photolysis of [PtBr6][TBA]2 with 1-hexene: An 8 mL vial was charged with 
16.9 mg (14.6 mol) of [PtBr6][TBA]2 in 1mL CH2Cl2 and 10 L (80.6 mol) of 1-
hexene. The sample was photolyzed overnight and the solution color changed from 
red to yellow/orange. The subsequently obtained 195Pt NMR spectrum confirms 
[PtBr3(1-hexene)][TBA] formation. This complex was not isolated. 
195Pt-NMR (64 MHz, CH2Cl2): δ -3348.         
Photolysis of [PtBr6][TBA]2 with propylene: A 3 mL sealable tube was 
charged with 53.5 mg (46.1 mol) of [PtBr6][TBA]2 in 1.8 mL CH2Cl2 and 30 PSI of 
propylene. The sample was photolyzed overnight and the solution color changed from 
red to yellow/orange. The subsequently obtained 195Pt NMR confirms 
[Pt(Br)3(propylene)][TBA] formation. This complex was not isolated. 
195Pt-NMR (64 MHz, CH2Cl2): δ -3278. 
Photolysis of [PtBr6][TBA]2 with norbornene: An 8 mL vial was charged 
with 2 mL CH2Cl2 solution of 42.0 mg (36.2 mol) of [PtBr6][TBA]2 and 300 mg 
(3.19 mmol) of norbornene. The sample was photolyzed overnight and the solution 
color changed from red to yellow/orange. Subsequently 1.2 eq 11.2 mg of AgOTF 
were added to replace the counterion. The 195Pt NMR spectroscopy shows bromine 
bridged Pt(II) dimer formation. This complex was not isolated. 
195Pt-NMR (64 MHz, CH2Cl2): δ -2300.185 
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6. Chapter 6: 
trans-(P(OPh)3)2(CO)IrX (X = Cl and Br):  
WHEN CHANGING CHLORO to BROMO DOESN’T MAKE 
MUCH DIFFERENCE 
 
6.1 Introduction 
Chemical compounds usually show distinct differences in their spectroscopic 
behavior (IR, NMR, UV-visible absorption, etc.) despite close analogy. For example, 
chloroform (CHCl3) and bromoform (CHBr3) are structurally and electronically 
analogous but have noticeably different 1H and 13C NMR chemical shifts, IR 
vibrational frequencies, and UV absorption band energies.153,187-192 Such differences 
are also known for coordination complexes and changes in UV-visible absorption 
spectra are the basis for the spectrochemical series.146  
The d8 square-planar platinum complexes trans-Pt(PEt3)2(X)2 and trans-
Pt(PEt3)2(X)4 (X = Cl, Br),
41,43,154 which we have studied for halogen photoreductive 
elimination, show clear differences in 31P NMR shifts, 195Pt coupling constants, and 
UV absorption band energies and/or extinction coefficients on changing from X = Cl 
to X = Br.41,43,154 Data for the simplest members of this class, trans-L2PtX2 (X = Cl, 
Br), are shown in Table 6.1. Similarly, reported halo-carbonyl platinum complexes 
show distinct changes in IR carbonyl stretching energies upon halogen substitution 
(cis-Pt(CO)2X2: (CO) = 2187, 2152 cm-1 for X = Cl and (CO) = 2167, 2122 cm-1 for X 
= Br).185 We were therefore quite surprised when we prepared the known Ir(I) 
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complexes trans-Ir(P(OPh)3)2(CO)Cl  53 and trans-Ir(P(OPh)3)2(CO)Br 54 and found 
nearly exact coincidence in their IR carbonyl stretching frequencies, their 31P NMR 
shifts, and their UV-visible absorption spectra. Here, we report our efforts to 
understand why the change from bromo to chloro has so little effect on the 
spectroscopic properties of these Ir complexes.  
 
Table 6.1. Spectroscopic dataa for trans-L2PtCl2 and trans-L2PtBr2 (L = PEt3) 
Complex max (nm)   (M-1cm-1)  31P NMR (δ) JPtP (Hz)
L2PtCl2 268 10258 12.9 2493 
 249 10386   
L2PtBr2 285 6029 8.2 2333 
 253 5071   
a In CH2Cl2 or CD2Cl2.
41,43,154 
 
6.2 Results and Discussion 
Known complexes trans-(P(OPh)3)2(CO)IrCl 53
193 and trans-
(P(OPh)3)2(CO)IrBr 54
194  are isoelectronic and are expected to be isostructural, 
belonging to the d8 square-planar family of complexes. Although obtained crystals of 
53 and 54 are not isomorphous, single crystal XRD structure determinations confirm 
their isostructural nature and drawings of the two solid-state structures are shown in 
Figure 6.1. Mean metrical parameters for the two complexes are listed in Table 6.2 
and show that Ir-P bond lengths are identical within 1 sigma, Ir-C bond lengths are 
identical within 2 sigma, and C–O bond lengths are identical within 3 sigma. As 
expected, the iridium–halogen bond lengths are different and the Ir–Br bond is 0.134 
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Å longer than the Ir–Cl bond, consistent with the 0.15 Å greater covalent radius of 
Br.195 The bond angles P1–Ir–2 are similar, P–Ir–X are identical within 1 sigma, P–Ir–
C are identical within 2 sigma and C–Ir–X are identical within 1 sigma. 
 
 
Figure 6.1. Solid-state structures of trans-(P(OPh)3)2(CO)IrCl 53 and trans-
(P(OPh)3)2(CO)IrBr 53 (50% thermal ellipsoids, hydrogen atoms omitted) and lowest-
energy DFT model structures 53S and 54S optimized in CH2Cl2. 
 
Table 6.2. Selected metrical parametersa (Å and degrees) for trans-
(P(OPh)3)2(CO)IrCl 53 and trans-(P(OPh)3)2(CO)IrBr 54 and model complexes 53
S 
and 54S. 
Distance/ angle
a
  1  2 1
S
 2
S
 
Ir-P 2.2686(27) 2.2660(1) 2.3000(11) 2.2956(4) 
Ir-X
c
 2.3530(12) 2.4870(3) 2.4236 2.5326 
Ir-C 1.830(5) 1.853(3) 1.822 1.830 
C-O 1.143(6) 1.125(4) 1.160 1.159 
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P1-Ir-P2   176.73(4) 177.04(3) 177.40 174.22 
C-Ir-P 91.40(14) 91.12(10) 90.8(8) 91.1(6) 
C-Ir-X
c
 179.47(15) 179.43(10) 177.97 177.73 
P-Ir-X
c
 88.61(25) 88.88(59) 89.25(319) 88.97(235) 
a Mean values with standard deviations, where applicable. c X = Cl or Br. 
 
 
31P NMR (CDCl3) spectra for the complexes show a singlet at δ 104.9 for 
both 53 and 54 with an external H3PO4 standard. Combining both complexes into a 
single NMR sample reveals two peaks with a small shift difference of δ 0.14, with 
bromide 54 more downfield shifted. 1H NMR spectra in CDCl3 are, expectedly, 
essentially identical and show a broad multiplet in the aromatic region for the phenyl 
protons of 53 and 54.  
The infrared properties of 53 and 54 were studied elsewhere193 and the 
carbonyl stretches are reported to be identical in chloroform and toluene solution. Our 
thin film FTIR investigation on KBr plates also shows identical IR carbonyl stretching 
energies with (CO) = 1999±4 cm-1 for 53 and (CO) = 1995±4 cm-1 for 54. In contrast, 
the related platinum(II) complexes, cis-PtX2(CO)2 and Pt2(-X)2X2(CO)2 (X = Cl, 
Br),185 are reported to show different IR carbonyl stretching energies consequent to 
halogen substitution. 
The UV-visible absorption spectra for 53 and 54 also appear identical (Figure 
6.2).196,197 However, careful examination reveals minor differences in absorption 
maxima and extinction coefficients. The lowest energy absorption maximum for 53 
appears at 436 nm (ɛ = 582 M-1cm-1) while that for 54 appears at 444 nm (ɛ = 398 M-
1cm-1), and the second lowest energy absorption band for 53 is found at 382 nm (ɛ = 
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5632 M-1cm-1) while that for 54 is at 386 nm (ɛ = 4602 M-1cm-1). A similar picture is 
observed for the higher energy absorption bands with the maxima and absorption 
coefficients shifted only slightly between the two complexes. The previously reported 
UV-visible absorption spectrum for 54 in toluene196 (Table 6.2) is identical to that 
obtained here in dichloromethane; however, the reported UV-visible absorption 
spectrum for 53 in toluene differs strongly in the second-lowest absorption band 
intensity (Table 6.3).196 We therefore collected a UV-vis absorption spectrum of a 
freshly prepared sample of 53 in toluene (Figure 6.2), which closely matches the 
spectrum in dichloromethane indicating little solvent polarity dependence. We are 
unable to reconstruct the difference in the second lowest energy band reported by 
Stohmeier.196  
 
Table 6.3. UV-visible absorption data of 53 and 54. 
1
a 1b 2a 2b 
max  
(nm) 
  
(M-1cm-1) 
max  
(nm) 
  
(M-1cm-1) 
max  
(nm) 
  
(M-1cm-1) 
max  
(nm) 
  
(M-1cm-1) 
436 572 436 582 440 270 444 398 
383 977 382 5632 387 3499 386 4602 
344 2516 341 2330 349 1689 346 1947 
321 2723 320 2602 327 2099 326 2434 
a Reported data in toluene196. b This work in CH2Cl2. 
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Figure 6.2. UV−vis absorption spectra for trans-(P(OPh)3)2(CO)IrCl 53 in toluene 
(green  dash-dot), 53 in CH2Cl2 (red solid line) and trans-(P(OPh)3)2(CO)IrBr 54 
(black dashed line) in CH2Cl2. 
 
DFT and TDDFT model calculations were completed to help understand the 
unexpected near identity of the above spectroscopic features of 53 and 54. Complete 
models (no group substitution) of 53 and 54 were constructed in GaussView and 
optimized in dichloromethane to give stationary structures 53S’ and 53S”and 54S’ and 
54
S” (see Apendix D) with the members of each pair differing slightly in the P(OPh)3 
ligand orientation (no stationary point was found for 54S’, see experimental). 
However, lower energy structures, 53S and 54S (Figure 6.1), with yet another P(OPh)3 
ligand orientation, were obtained by importing the X-ray structures of 53 and 54 into 
GaussView and optimizing in dichloromethane. Structure 53S’ and 53S” are 2.6 
kcal/mol and 5.4 kcal/mol less stable than 53S and 54S’ and 54S” are 0.6 kcal/mol and 
6.1 kcal/mol less stable than 54S. Structures 53S and 54S are in good agreement with 
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the crystal structures of 53 and 54 (Figure 6.1) with only slight changes from the 
optimization (Table 6.1).  
With the optimized structures in hand the carbonyl vibrational modes were 
readily computed for isostructural 53S and 54S ((CO) = 2064 cm-1 and (CO) = 2069 cm-
1) and differ by only 5 cm-1, identical within the experimental error of the 
measurements. Experimentally the carbonyl vibrational frequencies are reported to be 
essentially identical with (CO) = 2001 - 2003 cm-1 for trans-(P(OPh)3)2(CO)IrX (X = 
Cl, Br, I).193 This identity was previously attributed to equivalent -bonds between the 
Ir center and the halogens and the absence of -donation to the Ir center from the 
halogen lone pairs.193 The HOMO-1 orbital (Figure 6.4) for model complexes 53S (for 
54
S see Apendix D) indicates that there is significant -donation to the Ir center from 
the halogen atoms and it is intimately involved in back-donation to the CO ligand. A 
significant shift in the CO band would be expected from halogen substitution and, 
with Cl considered the stronger -donor, 53 should display a lower CO stretching 
vibration than 54. However, the -interaction of the halogen atom with the metal 
center must also be considered and is expected to affect the CO stretching vibration in 
the opposite halogen order. That is, Cl is the weaker donor and in a -sense would 
give a higher CO stretching vibration for 53. The opposing - and -effects must be 
balanced for Cl, Br and I in these Ir complexes such that the CO stretching vibrations 
are essentially identical. For the Pt(II) complexes, cis-PtX2(CO)2, the higher oxidation 
state and more contracted orbitals decrease the importance of -bonding and the -
effect dominates such that the X = Br complex has the lower CO stretching vibrations  
((CO) = 2187, 2152 cm-1 for cis-PtCl2(CO)2 and (CO) = 2167, 2122 cm-1 for cis-
PtBr2(CO)2).
185 
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Calculated 31P NMR (CH2Cl2, PMe3 standard at δ -62) shifts are also nearly 
the same for 53S and 54S with a shift difference of δ 0.56. As experimentally observed 
for 53 and 54, the bromide 54S is more downfield shifted. However, the absolute δ 
values are overestimated at δ 181.28 for 53S and δ 181.84 for 54S as compared to the 
experimental value of δ 104.9 for 53 and 54. Nonetheless, the agreement is 
remarkable considering the difficulty caused by the presence of the Ir atom.198,199 
Interestingly, 31P NMR shifts of analogous complexes trans-L2(CO)IrX (L = PPh3, X 
= Cl, Br)200-202 are reported to be significantly different (~  2) for the bromo and 
chloro complexes despite similarity in CO stretching vibrational energy and UV-
visible absorption properties. The difference in 31P NMR shift sensitivity for the 
triphenylphosphine and triphenylphosphite complexes may be partly due to the 
difference in donor strength.203 With a lower donor strength the phosphite ligand has a 
weaker interaction with the metal and so becomes less sensitive to electronic changes 
at the metal center. In addition, the (PhO)3P unit appears to be less sensitive to 
electronic perturbation probably due to the strong interaction of the phenoxy group 
with the P center. For example, the  shift difference for [Ph3PCl]+ and [Ph3PBr]+ is 
15 units while that for [(PhO)3PCl]
+ and [(PhO)3PBr]
+ is only 2.7 units.204 
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Figure 6.3. UV-vis absorption spectrum of a) 53 and b) 54 in dichloromethane (black 
line) and TDDFT (M06) vertical transitions (red vertical lines, height corresponds to 
the oscillator strength) for a) 53S and b) 54S in dichloromethane (smd). Yellow circles 
mark calculated triplet transitions and green triangles mark calculated dark (oscillator 
strength < 0.01) singlet transitions.  
 
Timedependent DFT (TD DFT) calculations were performed to help analyze 
the UV-visible absorption spectra of 53 and 54. The calculated (M06) vertical 
transitions and their oscillator strengths (singlet-to-singlet) for 53S and 54S are 
compared with the experimental spectra in Figure 6.3 (see Appendix D data for 53S’, 
53
S”, 54S’ and 54S”). The vertical transitions are in good agreement with the 
experimental bands if the calculated transitions are scaled to higher energy. The weak, 
lowest-energy band in the experimental spectra of 53 and 54 match reasonably well 
with the M06 lowest-energy, formally spin forbidden, singlet-to-triplet vertical 
transitions (underestimated by 54 nm for 53S and 29 nm for 54S). The second lowest 
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absorption bands are more intense and match with the first spin allowed singlet-to-
singlet vertical transitions being underestimated by ~16 nm for 53S and by ~1 nm for 
54
S. The next higher energy bands, between 310 nm and 360 nm, are weak and the 
calculations indicate a mixture of singlet-to-triplet vertical transitions and dark 
(oscillator strength < 0.01) singlet vertical transitions in this area. The higher energy 
absorption bands (< 310 nm) are matched by a series of singlet-to-singlet vertical 
transitions that are slightly underestimated. The calculations were repeated for 53S and 
54
S with the CAM-B3LYP functional. However, the CAM-B3LYP functional grossly 
underestimates the lowest-energy transition although it does match well with the 
higher-energy absorption bands (< 300 nm) (see supplementary data). 
 
Table 6.4. First two calculated lowest-energy vertical transition wavelengths (nm) for 
53
S, 53S’, 53S” 54S, 54S’, and 54S”. 
Complex Singlet-to-singlet Singlet-to-triplet 
53
S
 398  490  
53
S’
 388  468  
53
S”
 388  463  
54
S
 386  473  
54
S’
 376  453  
54
S”
 380  452  
 
 
Interestingly, the calculated absorption spectra are sensitive to the different 
P(OPh)3 ring orientations in 53
S, 53S’, 53S” 54S, 54S’, and 54S” (Appendix D data and 
Table 6.4). However, the lowest-energy structures, 53S and 54S, give the lowest-
energy vertical transitions. The best fit for the experimental UV-vis absorption 
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spectrum is obtained from the lowest-energy structure 54S but the lowest-energy 
structure 53S does not give the best fit to the UV-vis absorption spectrum of 53. A 
better match is achieved with 53S’ and 54S”. The true ligand orientation in solution 
may differ from the DFT predicted orientation and may be represented by a mix of the 
calculated structures.  
To understand the sensitivity to the ring orientations we examined the 
orbitals involved in the lowest-energy singlet-to-singlet and singlet-to-triplet vertical 
transitions. Both are predominantly HOMO-to-LUMO (see below) for all structures. 
The HOMOs are all essentially identical Ir dz2-like orbitals. The LUMOs, which 
involve a -type bonding interaction perpendicular to the square plane between the Ir 
center and the two P atoms and an antibonding interaction with orbitals on the 
phosphorus O atoms (Figure 6.4), show some differences due to rotation around one 
of the Ir-P bonds. In 53S and 54S the phosphite ligands are rotated so that the O atoms 
are staggered with respect to the Ir and P orbitals minimizing the antibonding 
interaction. In 53S” and 54S” one of the phosphite ligands is oriented such that one of 
the O atoms is eclipsed with the Ir-P -type bond so that the antibonding interaction is 
increased. This increases the LUMO orbital energy, increasing the HOMO-LUMO 
gap and the LUMO←HOMO transition energy.  
The calculated vertical transitions for 53S and 54S were analyzed for the 
orbital composition of the departure and arrival orbitals in terms of percent 
contribution from iridium, carbonyl, phosphorous and halogen. GaussSum 3.0,120 with 
its implemented partial density of states (PDOS) function was used to extract the 
orbital percent contributions.205 The data are presented in Table 6.5 for the two 
lowest-energy singlet-to-triplet vertical transitions and the two lowest-energy singlet-
to-singlet vertical transitions with significant (> 0.01) oscillator strength. Data for 
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higher energy transitions are given in Appendix D Table S29. As mentioned above, 
the lowest-energy transition for 53 and 54 is ascribed to a triplet excited state and is 
dominated (95 %) by a LUMO←HOMO component. The HOMO and LUMO orbitals 
are shown in Figure 6.4. The HOMO is mostly metal based dz2-like, however the 
LUMO is highly mixed (~40 % Ir, ~30 % P and ~10 % C-O orbital contribution) 
indicating that this transition consists of approximately 40 % d-d (LF) character and 
60 % metal-to-ligand charge-transfer (MLCT) character making it a LF/MLCT. The 
second lowest energy transition for both complexes is ascribed to a singlet excited 
state with the same composition (LUMO←HOMO) as the lowest-energy triplet 
transition (96 % for 53 and 97 % for 54). Thus, the first two lowest-energy transitions 
for 53S and 54S are LF/MLCT in character with a negligibly small halogen 
contribution, consistent with the small solvent polarity effect and the similarity of the 
UV-visible absorption spectra of 53 and 54.  
The vertical transitions between 310 nm and 380 nm are more complex with 
less than 72 % single orbital contributions for 53S and 54S. The calculated singlet-to-
singlet transitions in that region show significant halogen orbital involvement for 53S 
(23 % at 310 nm) and for 54S (36 % at 322 nm and 318 nm) but these transitions are 
dark (oscillator strength < 0.01). The calculated singlet-to-triplet transitions in the 
same region show negligible and up to 29 % halogen contribution for 53S and 54S, but 
without knowledge of the oscillator strengths the contribution of these to the spectrum 
are not determined.  
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Figure 6.4. HOMO-1, HOMO and LUMO molecular orbital representations of 53S 
with an isovalue of 0.052 (Phenyl rings omitted for clarity). 
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Electronic density difference maps (EDDM) were used to visualize the 
change in electron density for the two lowest-energy singlet-to-singlet vertical 
transitions of 53S (Figure 6.5). These also apply to the two lowest-energy singlet-to-
triplet vertical transitions as they have essentially the same character. The first EDDM 
is consistent with the LUMO←HOMO and LF/MLCT assignment involving electron 
transfer from metal to metal orbitals mixed with transfer from metal to ligand orbitals 
with negligible halogen contribution. The second EDDM shows some halogen 
contribution but, again, this is a dark transition. The EDDMs for the other transitions 
are also consistent with the PDOS results (supplementary data) and both suggest that 
due to negligible halogen contribution to the absorption spectrum at lower energies 
(>310 nm) the absorption spectrum for 53 and 54 appear virtually identical.  
 
Table 6.5. Selected calculated vertical transitions for 53
S and 54S with departure and 
arrival orbital components (orbital contribution >5 %) and the combined percent 
involvement of Ir, P, Cl, and CO to the orbitals (M06 in dcm). 
53
S
 singlet-to-singlet 54S singlet-to-singlet 
HOMO->LUMO (96%) 
398 nm, oscillator strength = 0.0867 
 Ir P Cl CO 
departure 
(%) 
92 0 0 1 
arrival (%) 39 30 2 11 
 
HOMO->LUMO (97%) 
387 nm, oscillator strength = 0.0862 
 Ir P Br CO 
departure 
(%) 
87 0 0 2 
arrival (%) 38 27 3 12 
 
HOMO->L+1 (83%), HOMO->L+10 (6%) 
346 nm, oscillator strength = 0.0018 
 Ir P Cl CO 
departure (%) 38 1 23 12 
arrival (%) 36 28 2 10 
 
HOMO->L+1 (83%), HOMO->L+10 (5%) 
334 nm, oscillator strength = 0.0013 
 Ir P Br CO 
departure 
(%) 
29 1 36 9 
arrival (%) 34 24 3 10 
 
53
S
 singlet-to-triplet 54S singlet-to-triplet 
HOMO->LUMO (95%) 
490 nm 
 Ir P Cl CO 
departure (%) 87 0 0 1 
HOMO->LUMO (95%) 
473 nm 
 Ir P Br CO 
departure 86 0 0 2 
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arrival (%) 37 29 2 10 
 
(%) 
arrival (%) 38 27 3 11 
 
HOMO->L+1 (72%), H-1->LUMO (6%),  
HOMO->L+10 (6%),  
380 nm 
 Ir P Cl CO 
departure (%) 74 0 2 2 
arrival (%) 27 18 4 5 
 
H-1->LUMO (70%), HOMO->L+1 (12%) 
376 nm 
 
 Ir P Br CO 
departure 
(%) 
35 1 29 8 
arrival (%) 32 22 3 9 
 
 
 
 
Figure 6.5. Electronic density difference map (EDDM) of 53S for the two lowest 
energy singlet-to-singlet vertical transitions (isovalue = 0.003), a) first transition b) 
second transition (dark).  The red is where electron density is lost due to the transition 
and the blue is where it is gained (Phenyl rings omitted for clarity). 
 
Like 53 and 54, trans-(PPh3)2(CO)IrX (X = Cl, Br and I) are reported to have 
nearly exact coincidence in their UV-visible absorption spectra.196,197 And, again like 
53 and 54, the low energy absorption bands of L2(CO)IrX (L = phosphine; X = Cl, Br) 
were assigned as metal-to-ligand charge transfer (MLCT), with the lowest having 
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triplet character.197 This assignment is closely matched with our TD-DFT results, 
where the first two lowest energy absorption bands are predicted to be a 3LF/MLCT 
and LF/MLCT. 
6.3 Conclusion 
Identical IR carbonyl stretching energies for L2(CO)IrX (X = Cl, Br and I) 
appear to be due to a balanced - and -interaction of the halogen atom with the Ir 
center resulting in an insignificant change of electron density on the Ir center on 
changing halide ligands. Virtually identical UV-visible absorption spectra for 53 and 
54 are attributed to the negligible halogen atom contribution to the low–energy 
electronic transitions (>310 nm). The near coincidence in the 31P NMR shifts is 
unique to the triphenylphosphite complexes 53 and 54 and is probably due to 
dominance of the phenoxide groups on the electronic structure around the P atom. 
 
6.4 Experimental 
General. trans-(P(OPh)3)2(CO)IrCl 53
193 and trans-(P(OPh)3)2(CO)IrBr 
54
194 were prepared according to literature procedures. Reagents were purchased from 
commercial sources (Aldrich or Acros) and used as received. Experiments were 
performed under a dinitrogen or argon atmosphere in a Vacuum Atmospheres 
Corporation drybox or on a Schlenk line unless otherwise indicated. Solvents were 
dried, degassed (freeze-pump-thaw) and stored under dinitrogen over 4 Å molecular 
sieves or sodium metal unless otherwise noted. Solution NMR spectra were recorded 
on a Bruker AMX-250 or -300 spectrometer at ambient probe temperatures. NMR 
shifts are given in  with positive values downfield of TMS (1H) and external H3PO4 
(31P). 31P NMR spectra were recorded in proton-decoupled mode. UV-vis spectra were 
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recorded on a Cary 50 or Hewlett-Packard 8452 diode array spectrophotometer in 1 
cm quartz cells. IR spectra were recorded on a Thermo Nicolet 670 spectrophotometer 
on KBr plates thin films by evaporation of CH2Cl2 solutions. Once the solvent 
evaporated the IR spectra were obtained. The crystals were grown from a saturated 
toluene solution at -20° C in a Vacuum Atmospheres Corporation drybox. 
DFT details. Gaussian 09206 with the M06115 or CAM-B3LYP207 (TD DFT) 
functional were used for all calculations  The TDDFT calculations for 53 and 54 
included solvent effects (smd model142). The LANL2TZ143 basis set was employed for 
iridium and cc-pVdZ144 for all other atoms. Initial structures were imported from CIF 
files or generated in GaussView208 without simplification. All geometries were 
optimized without symmetry constraints. For 54S’, a stationary point was found 
probably due to a shallow potential energy surface (during the final stages of the 
optimization the energy change was negligibly small). The lowest energy structure of 
54
S’ was used for the energy calculations. Analytical frequency calculations gave no 
imaginary frequencies for the complexes except for 54S’, which had a small imaginary 
frequency of −8.9 cm−1 associated with motion of the phenyl rings of P(OPh)3. Free 
energies, enthalpies, and entropies were calculated at 298.15 K and 1 atm. Optimized 
structures 53S, 54S and with the M06115 functional were used for the 31P NMR 
calculations (NMR=CSGT IOp(10/93=1, solvent = CH2Cl2). Due to the absence of 
symmetry in the structures, the NMR calculations predict two P atom shifts for 53S 
and 54S. The two shifts were averaged to give the calculated 31P NMR shifts. Shifts 
are relative to a PMe3 standard (-62). Coordinates, energies and 31P NMR data are 
given in Appendix D. 
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Appendix D. DFT data (coordinates, energies, EDDM figures, PDOS table, MO 
figures, TD DFT results and simulated 
31
P NMR). 
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NMR Spectra 
 
Figure S 1. Solid state 
31
P{
1
H} NMR of [Ir(triphos)Cl3]n.  
Solid sample containing (triphos)IrCl3 and diatomaceous earth (1:3). 
31
P MAS (magic angle 
spinning) at 5 kHz spinning externally referenced to ADP (Ammonium dihydrogen 
phosphate) at δ 0. 
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Figure S 2. 
1
H NMR (CD2Cl2, 300 MHz) of Ir(triphos)Cl2H 
 
 
Figure S 3. 
31
P NMR (CD2Cl2, 101 MHz) of Ir(triphos)Cl2H 
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Figure S 4. 
1
H NMR (CDCl3, 300 MHz) of Ir(triphos)Br3 
 
 
Figure S 5. 
1
H NMR (CD2Cl2, 300 MHz) of Ir(triphos)Br2H 
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Figure S 6. 
31
P NMR (CD2Cl2,101 MHz) of Ir(triphos)Br2H 
 
 
Figure S 7. 
1
H NMR (CDCl3, 300 MHz) of mer-Ir(2-2P,P-triphos)(pyridine)Cl3 
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Figure S 8. 
31
P NMR (CDCl3, 101 MHz) of mer-Ir(2-triphos)(pyridine)Cl3 
 
  
Figure S 9. 
31
P NMR (CDCl3, 101 MHz) of mer-Ir(2-triphos)(PPh2Et)Cl3 
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Figure S 10. 
1
H NMR (CDCl3, 300 MHz) of mer-Ir(2-2P,P-triphosO)(pyridine)Cl3 
 
 
Figure S 11. 
31
P NMR (CDCl3, 101 MHz) of mer-Ir(2-2P,P-triphosO)(pyridine)Cl3 
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Figure S 12. 
1
H NMR (CDCl3, 300 MHz) of fac-Ir(2-2P,P-triphos)(pyridine)Cl3 
 
Figure S 13. 
31
P NMR (CDCl3, 101 MHz) of fac-Ir(2-2P,P-triphos)(pyridine)Cl3 
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Figure S 14. 
1
H NMR (CD2Cl2, 250 MHz) of fac-Ir(2-2P,P-triphosO)(pyridine)Cl3 
 
 
 
Figure S 15. 
31
P NMR (CD2Cl2, 101 MHz) of fac-Ir(2-2P,P-triphosO)(pyridine)Cl3 
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Figure S 16. 
31
P NMR (pyridine, 101 MHz) of [Ir(triphos)Cl3]n 
 
 
Figure S 17. IR spectra for Ir(triphos)Cl3 1 (black) and [Ir(triphos)Cl3]n 5 (red) 
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Figure S 18. Far IR spectrum of Ir(triphos)Cl3 1 in light mineral oil 
 
Figure S 19. Far IR spectrum of [Ir(triphos)Cl3]n 5 in light mineral oil 
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Computational Results 
Table S 1. Coordinates for singlet Ir(triphos)Cl3 (1
S6
)
a 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.049640   -0.015625   -0.973025 
      2         15           0       -0.496365   -1.848109    0.441162 
      3         15           0       -1.336496    1.343141    0.451749 
      4         15           0        1.930438    0.508698    0.400473 
      5         17           0       -1.864368   -0.442189   -2.470074 
      6         17           0        0.757380    1.787650   -2.531456 
      7         17           0        1.305265   -1.550173   -2.447361 
      8          6           0       -0.730513   -1.225709    2.220009 
      9          1           0       -1.795251   -1.021327    2.382010 
     10          1           0       -0.450398   -2.059932    2.877295 
     11          6           0        1.580046   -0.106278    2.157501 
     12          1           0        1.879099   -1.162994    2.221701 
     13          1           0        2.223782    0.469015    2.837093 
     14          6           0       -0.538050    1.367907    2.161636 
     15          1           0        0.234921    2.148686    2.143534 
     16          1           0       -1.284255    1.693173    2.896065 
     17          6           0        0.101314    0.023595    2.621136 
     18          6           0        0.125946    0.053319    4.165197 
     19          1           0        0.595506    0.977934    4.525690 
     20          1           0       -0.893002    0.001514    4.573453 
     21          1           0        0.694449   -0.798653    4.560225 
     22          6           0       -2.039637   -2.780519   -0.020152 
     23          6           0       -1.943753   -3.580783   -1.173245 
     24          6           0       -3.253033   -2.684234    0.672953 
     25          6           0       -3.060862   -4.293607   -1.617691 
     26          1           0       -1.012423   -3.619015   -1.735415 
     27          6           0       -4.370222   -3.404286    0.222557 
     28          1           0       -3.359283   -2.054638    1.554590 
     29          6           0       -4.275853   -4.207938   -0.920114 
     30          1           0       -2.987999   -4.898200   -2.516026 
     31          1           0       -5.310376   -3.324455    0.761202 
     32          1           0       -5.144429   -4.757280   -1.271741 
     33          6           0        0.710202   -3.264581    0.740646 
     34          6           0        0.244613   -4.335704    1.529956 
     35          6           0        2.022500   -3.282889    0.250983 
     36          6           0        1.091887   -5.405184    1.838477 
     37          1           0       -0.785693   -4.347486    1.884161 
     38          6           0        2.871216   -4.354739    0.569725 
     39          1           0        2.374084   -2.498390   -0.412814 
     40          6           0        2.412788   -5.413479    1.362105 
     41          1           0        0.721774   -6.230767    2.439141 
     42          1           0        3.884960   -4.357096    0.179400 
     43          1           0        3.070443   -6.245314    1.597245 
     44          6           0       -3.122894    0.839202    0.813752 
     45          6           0       -4.014745    0.713866   -0.266705 
     46          6           0       -3.613574    0.693767    2.124658 
     47          6           0       -5.365650    0.423548   -0.035897 
     48          1           0       -3.651948    0.806688   -1.286086 
     49          6           0       -4.965990    0.403476    2.352060 
     50          1           0       -2.964971    0.809413    2.990014 
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     51          6           0       -5.846019    0.262783    1.270471 
     52          1           0       -6.036650    0.317558   -0.882263 
     53          1           0       -5.328541    0.297196    3.370454 
     54          1           0       -6.894434    0.039644    1.445274 
     55          6           0       -1.614279    3.127801   -0.014496 
     56          6           0       -1.645319    4.141098    0.957629 
     57          6           0       -1.871487    3.426065   -1.362938 
     58          6           0       -1.919827    5.461425    0.577553 
     59          1           0       -1.452873    3.918801    2.005225 
     60          6           0       -2.149602    4.748908   -1.734386 
     61          1           0       -1.820756    2.644254   -2.118128 
     62          6           0       -2.172078    5.765326   -0.768985 
     63          1           0       -1.940424    6.246442    1.327795 
     64          1           0       -2.337424    4.980755   -2.777788 
     65          1           0       -2.385325    6.789018   -1.062898 
     66          6           0        2.425419    2.300149    0.736528 
     67          6           0        1.739961    3.397715    0.199192 
     68          6           0        3.537028    2.517453    1.574304 
     69          6           0        2.143712    4.702594    0.521745 
     70          1           0        0.921774    3.245636   -0.497582 
     71          6           0        3.940251    3.819943    1.889175 
     72          1           0        4.109275    1.676803    1.963907 
     73          6           0        3.238801    4.917993    1.366732 
     74          1           0        1.602675    5.541767    0.094139 
     75          1           0        4.803504    3.977017    2.529112 
     76          1           0        3.553783    5.929358    1.606711 
     77          6           0        3.583582   -0.213441   -0.063193 
     78          6           0        4.391756   -0.917055    0.843851 
     79          6           0        4.026595    0.021014   -1.376499 
     80          6           0        5.644180   -1.396156    0.435293 
     81          1           0        4.058890   -1.109358    1.862073 
     82          6           0        5.280458   -0.457857   -1.776574 
     83          1           0        3.387265    0.549266   -2.081687 
     84          6           0        6.088218   -1.167069   -0.875159 
     85          1           0        6.266710   -1.944344    1.136620 
     86          1           0        5.617419   -0.286555   -2.793781 
     87          1           0        7.056940   -1.541499   -1.193316 
 --------------------------------------------------------------------- 
a
 A frequency calculation gave a small imaginary frequency of -21.15 cm
-1
 associated with a 
rotation of a phenyl ring. 
 
 
Table S 2. Energies for singlet Ir(triphos)Cl3 (1
S6
) 
Zero-point correction=                           0.693749(Hartree/Particle) 
Thermal correction to Energy=                    0.738520 
Thermal correction to Enthalpy=                  0.739464 
Thermal correction to Gibbs Free Energy=         0.617376 
Sum of electronic and zero-point Energies=          -1752.791262 
Sum of electronic and thermal Energies=             -1752.746491 
Sum of electronic and thermal Enthalpies=           -1752.745547 
Sum of electronic and thermal Free Energies=        -1752.867635 
Solvent (pcm, CH2Cl2) corrected electronic energy=  -1753.52603937 
 
Table S 3. Coordinates for triplet 1
T5
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--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -1.417015   -0.310914   -1.370631 
      2         15           0       -0.145492   -1.739922    0.121197 
      3         15           0       -1.712851    1.217062    0.437488 
      4         15           0        2.889908    0.614464    0.269592 
      5         17           0       -3.814411   -0.081393   -1.754643 
      6         17           0       -0.050910    1.474056   -2.426977 
      7         17           0       -1.091602   -1.842127   -3.237000 
      8          6           0        0.105796   -1.021238    1.848902 
      9          1           0       -0.889870   -1.132790    2.301937 
     10          1           0        0.780303   -1.703446    2.386910 
     11          6           0        2.149916    0.506941    2.032145 
     12          1           0        2.558767   -0.386994    2.525448 
     13          1           0        2.493667    1.384916    2.598892 
     14          6           0       -0.032623    1.534710    1.231780 
     15          1           0        0.589882    1.744863    0.349875 
     16          1           0       -0.096170    2.464969    1.814902 
     17          6           0        0.602078    0.425203    2.111983 
     18          6           0        0.230319    0.695602    3.591090 
     19          1           0        0.588354    1.686927    3.897321 
     20          1           0       -0.856267    0.658023    3.743405 
     21          1           0        0.697277   -0.050569    4.248519 
     22          6           0       -1.211551   -3.235093    0.528274 
     23          6           0       -2.114426   -3.714996   -0.436694 
     24          6           0       -1.123599   -3.874671    1.779351 
     25          6           0       -2.927666   -4.818647   -0.143483 
     26          1           0       -2.185592   -3.237873   -1.413172 
     27          6           0       -1.938316   -4.977369    2.065015 
     28          1           0       -0.437429   -3.520852    2.545117 
     29          6           0       -2.844273   -5.450037    1.104605 
     30          1           0       -3.624235   -5.179007   -0.893601 
     31          1           0       -1.864195   -5.463844    3.033146 
     32          1           0       -3.476887   -6.304084    1.327447 
     33          6           0        1.493724   -2.430649   -0.441281 
     34          6           0        2.207492   -3.279697    0.422053 
     35          6           0        2.003075   -2.114962   -1.709022 
     36          6           0        3.443800   -3.802653    0.020269 
     37          1           0        1.807078   -3.552448    1.397740 
     38          6           0        3.235510   -2.649385   -2.107075 
     39          1           0        1.447131   -1.463189   -2.377970 
     40          6           0        3.959151   -3.484355   -1.244332 
     41          1           0        4.001417   -4.450002    0.690292 
     42          1           0        3.627937   -2.407971   -3.089856 
     43          1           0        4.921704   -3.881884   -1.553030 
     44          6           0       -2.883904    0.696129    1.792105 
     45          6           0       -3.473433   -0.576468    1.775481 
     46          6           0       -3.161060    1.585008    2.846049 
     47          6           0       -4.313288   -0.971790    2.827118 
     48          1           0       -3.294968   -1.251885    0.940480 
     49          6           0       -4.002954    1.189664    3.892522 
     50          1           0       -2.726356    2.583602    2.848866 
     51          6           0       -4.574085   -0.093320    3.887283 
     52          1           0       -4.767230   -1.957897    2.806601 
     53          1           0       -4.215621    1.878339    4.704506 
     54          1           0       -5.227542   -0.399116    4.698965 
     55          6           0       -2.310358    2.912733   -0.034270 
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     56          6           0       -1.405543    3.956740   -0.287529 
     57          6           0       -3.692167    3.126988   -0.174508 
     58          6           0       -1.886621    5.219522   -0.656278 
     59          1           0       -0.332686    3.796064   -0.219967 
     60          6           0       -4.165581    4.389953   -0.548274 
     61          1           0       -4.390115    2.310700   -0.007945 
     62          6           0       -3.264862    5.437983   -0.786267 
     63          1           0       -1.184486    6.023877   -0.853912 
     64          1           0       -5.232983    4.550138   -0.663764 
     65          1           0       -3.634660    6.415572   -1.081332 
     66          6           0        3.345383    2.452462    0.234807 
     67          6           0        2.770467    3.253645   -0.767309 
     68          6           0        4.229877    3.033634    1.160762 
     69          6           0        3.063277    4.625819   -0.829868 
     70          1           0        2.102311    2.801168   -1.500394 
     71          6           0        4.523206    4.401860    1.098135 
     72          1           0        4.706708    2.410660    1.917609 
     73          6           0        3.935552    5.201106    0.103901 
     74          1           0        2.617089    5.235610   -1.610405 
     75          1           0        5.212603    4.842285    1.813026 
     76          1           0        4.166084    6.261562    0.052990 
     77          6           0        4.606994   -0.116255    0.540391 
     78          6           0        5.142158   -0.544222    1.766932 
     79          6           0        5.385521   -0.264254   -0.624927 
     80          6           0        6.417871   -1.126821    1.825863 
     81          1           0        4.579403   -0.428534    2.690416 
     82          6           0        6.664840   -0.829667   -0.567224 
     83          1           0        4.980999    0.065184   -1.581319 
     84          6           0        7.181037   -1.273688    0.659838 
     85          1           0        6.816069   -1.457057    2.781381 
     86          1           0        7.252677   -0.929698   -1.475082 
     87          1           0        8.169817   -1.720892    0.707013 
 --------------------------------------------------------------------- 
 
Table S 4. Energies for triplet 1
T5
  
Zero-point correction=                           0.692430(Hartree/Particle) 
Thermal correction to Energy=                    0.739126 
Thermal correction to Enthalpy=                  0.740070 
Thermal correction to Gibbs Free Energy=         0.609637 
Sum of electronic and zero-point Energies=          -1752.716208 
Sum of electronic and thermal Energies=             -1752.669511 
Sum of electronic and thermal Enthalpies=           -1752.668567 
Sum of electronic and thermal Free Energies=        -1752.799000 
Solvent (pcm, CH2Cl2) corrected electronic energy=  -1753.40225908 
 
Table S 5. Coordinates for triplet 1
T6
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.245633    0.048131   -1.152543 
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      2         15           0       -0.227637   -1.868045    0.382889 
      3         15           0       -1.701939    1.137376    0.500117 
      4         15           0        1.886224    0.796258    0.416353 
      5          6           0       -0.621653   -1.256193    2.142410 
      6          1           0       -1.711128   -1.181548    2.247182 
      7          1           0       -0.280586   -2.058808    2.811203 
      8          6           0        1.505615    0.185747    2.173094 
      9          1           0        1.974650   -0.803847    2.287680 
     10          1           0        2.018628    0.881509    2.852927 
     11          6           0       -0.830670    1.318884    2.170112 
     12          1           0       -0.188149    2.208244    2.100495 
     13          1           0       -1.572371    1.533903    2.950511 
     14          6           0        0.015844    0.082008    2.597086 
     15          6           0        0.013769    0.055888    4.142676 
     16          1           0        0.332430    1.026275    4.545566 
     17          1           0       -0.994538   -0.161071    4.522208 
     18          1           0        0.695298   -0.716857    4.522054 
     19          6           0       -1.680829   -2.935402   -0.092091 
     20          6           0       -1.663378   -3.478968   -1.389430 
     21          6           0       -2.750623   -3.209345    0.774334 
     22          6           0       -2.723115   -4.290905   -1.811861 
     23          1           0       -0.845466   -3.244809   -2.068618 
     24          6           0       -3.808570   -4.021532    0.343619 
     25          1           0       -2.788138   -2.794687    1.779664 
     26          6           0       -3.796459   -4.561060   -0.949876 
     27          1           0       -2.713878   -4.696919   -2.818283 
     28          1           0       -4.638905   -4.220885    1.015158 
     29          1           0       -4.619583   -5.185157   -1.286112 
     30          6           0        1.099121   -3.145969    0.785234 
     31          6           0        0.706882   -4.293537    1.499295 
     32          6           0        2.446865   -2.966032    0.444892 
     33          6           0        1.660769   -5.243702    1.883789 
     34          1           0       -0.343006   -4.461723    1.735880 
     35          6           0        3.400834   -3.915697    0.839628 
     36          1           0        2.752839   -2.122311   -0.165874 
     37          6           0        3.012844   -5.052244    1.560023 
     38          1           0        1.348682   -6.132077    2.424929 
     39          1           0        4.440307   -3.766638    0.562062 
     40          1           0        3.752410   -5.791387    1.854065 
     41          6           0       -3.372998    0.368666    0.916726 
     42          6           0       -4.104293   -0.177208   -0.154802 
     43          6           0       -3.913534    0.339052    2.214067 
     44          6           0       -5.362875   -0.748486    0.077366 
     45          1           0       -3.675751   -0.180938   -1.157182 
     46          6           0       -5.171750   -0.236805    2.441451 
     47          1           0       -3.374111    0.764722    3.058872 
     48          6           0       -5.898128   -0.782754    1.372546 
     49          1           0       -5.912861   -1.177790   -0.754522 
     50          1           0       -5.584811   -0.252178    3.446176 
     51          1           0       -6.873358   -1.227658    1.548504 
     52          6           0       -2.194053    2.879327    0.029113 
     53          6           0       -2.461912    3.866594    0.992369 
     54          6           0       -2.329781    3.167807   -1.339799 
     55          6           0       -2.851055    5.149697    0.586110 
     56          1           0       -2.371905    3.643755    2.054290 
     57          6           0       -2.721909    4.453535   -1.739787 
     58          1           0       -2.118217    2.401078   -2.084841 
     59          6           0       -2.979222    5.443737   -0.780628 
     60          1           0       -3.057039    5.913718    1.330183 
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     61          1           0       -2.819387    4.677240   -2.797325 
     62          1           0       -3.281131    6.438716   -1.094994 
     63          6           0        2.072931    2.647046    0.725128 
     64          6           0        1.175469    3.589428    0.203554 
     65          6           0        3.127164    3.076312    1.553156 
     66          6           0        1.313131    4.946620    0.530049 
     67          1           0        0.387047    3.284445   -0.477738 
     68          6           0        3.266561    4.432403    1.871499 
     69          1           0        3.856314    2.362339    1.933367 
     70          6           0        2.353847    5.370697    1.365374 
     71          1           0        0.606518    5.661627    0.118544 
     72          1           0        4.087816    4.755444    2.504467 
     73          1           0        2.462353    6.422837    1.611916 
     74          6           0        3.643373    0.250273    0.117220 
     75          6           0        4.504069   -0.136291    1.159462 
     76          6           0        4.096140    0.238593   -1.212661 
     77          6           0        5.812834   -0.542754    0.870650 
     78          1           0        4.163559   -0.147055    2.193016 
     79          6           0        5.407475   -0.167118   -1.495323 
     80          1           0        3.422844    0.512504   -2.021586 
     81          6           0        6.265047   -0.558985   -0.457569 
     82          1           0        6.473699   -0.846705    1.677164 
     83          1           0        5.749200   -0.188042   -2.524935 
     84          1           0        7.278413   -0.878675   -0.682067 
     85         17           0        1.561204   -1.795815   -2.467894 
     86         17           0        0.781801    1.894169   -2.617727 
     87         17           0       -1.653877   -0.438855   -2.693660 
 --------------------------------------------------------------------- 
 
Table S 6. Energies for triplet 1
T6
 
Zero-point correction=                           0.691898(Hartree/Particle) 
 Thermal correction to Energy=                    0.738665 
 Thermal correction to Enthalpy=                  0.739610 
 Thermal correction to Gibbs Free Energy=         0.608666 
 Sum of electronic and zero-point Energies=          -1752.715401 
 Sum of electronic and thermal Energies=             -1752.668633 
 Sum of electronic and thermal Enthalpies=           -1752.667689 
 Sum of electronic and thermal Free Energies=        -1752.798633 
 Solvent (pcm, CH2Cl2) corrected electronic energy=  -1753.40732147 
 
Table S 7. Coordinates for 5-coordinate Ir(
2
-triphos)Cl3 (1
S5
) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -1.714790   -0.406343   -1.189343 
      2         15           0       -0.372496   -1.704849    0.158284 
      3         15           0       -1.624828    1.382579    0.376268 
      4         15           0        3.051239    0.382997    0.134271 
      5         17           0       -3.848858   -1.229031   -0.388140 
      6         17           0        0.080925    0.753714   -2.375586 
      7         17           0       -1.873297   -1.939726   -3.060254 
      8          6           0        0.036211   -0.871535    1.800811 
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      9          1           0       -0.951705   -0.823916    2.282366 
     10          1           0        0.632659   -1.592978    2.378670 
     11          6           0        2.236412    0.467798    1.867593 
     12          1           0        2.563980   -0.419589    2.429724 
     13          1           0        2.648501    1.349460    2.382459 
     14          6           0        0.147391    1.602515    0.964855 
     15          1           0        0.707360    1.591036    0.020637 
     16          1           0        0.261794    2.598040    1.418980 
     17          6           0        0.687514    0.531648    1.944063 
     18          6           0        0.365176    0.958980    3.400190 
     19          1           0        0.798369    1.945938    3.606080 
     20          1           0       -0.715031    1.015613    3.585311 
     21          1           0        0.799620    0.242997    4.111625 
     22          6           0       -1.268981   -3.255304    0.699715 
     23          6           0       -1.628333   -4.172847   -0.302792 
     24          6           0       -1.572687   -3.526707    2.043392 
     25          6           0       -2.289751   -5.355260    0.043253 
     26          1           0       -1.429083   -3.949802   -1.349699 
     27          6           0       -2.233556   -4.715734    2.382606 
     28          1           0       -1.311247   -2.833942    2.838749 
     29          6           0       -2.593732   -5.629843    1.384577 
     30          1           0       -2.579515   -6.052350   -0.736314 
     31          1           0       -2.469107   -4.922137    3.422462 
     32          1           0       -3.114615   -6.545512    1.648160 
     33          6           0        1.199609   -2.364744   -0.590004 
     34          6           0        2.134583   -2.953443    0.282313 
     35          6           0        1.445629   -2.308442   -1.965869 
     36          6           0        3.344143   -3.441620   -0.222588 
     37          1           0        1.933190   -3.036649    1.349956 
     38          6           0        2.654855   -2.814824   -2.465618 
     39          1           0        0.717982   -1.861176   -2.637599 
     40          6           0        3.607236   -3.365732   -1.599143 
     41          1           0        4.080570   -3.866309    0.453813 
     42          1           0        2.849129   -2.766527   -3.532361 
     43          1           0        4.550744   -3.737096   -1.989158 
     44          6           0       -2.668361    1.504867    1.925016 
     45          6           0       -3.301871    0.389580    2.495275 
     46          6           0       -2.749120    2.758619    2.559672 
     47          6           0       -3.993767    0.527288    3.707761 
     48          1           0       -3.300324   -0.566667    1.975894 
     49          6           0       -3.438964    2.889922    3.770482 
     50          1           0       -2.279893    3.631866    2.108850 
     51          6           0       -4.057966    1.771187    4.350158 
     52          1           0       -4.493087   -0.335284    4.138231 
     53          1           0       -3.498995    3.859483    4.255533 
     54          1           0       -4.597438    1.873477    5.287087 
     55          6           0       -2.049254    2.944311   -0.535280 
     56          6           0       -1.110215    3.950040   -0.803483 
     57          6           0       -3.370691    3.061759   -1.001382 
     58          6           0       -1.499691    5.084462   -1.528720 
     59          1           0       -0.079508    3.858220   -0.468560 
     60          6           0       -3.752385    4.195531   -1.727780 
     61          1           0       -4.092501    2.269537   -0.803228 
     62          6           0       -2.817477    5.208332   -1.990322 
     63          1           0       -0.772052    5.862730   -1.739512 
     64          1           0       -4.770290    4.283866   -2.094243 
     65          1           0       -3.112904    6.084883   -2.559197 
     66          6           0        3.473519    2.220402   -0.082700 
     67          6           0        2.866059    2.919270   -1.142111 
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     68          6           0        4.360955    2.902181    0.769219 
     69          6           0        3.129495    4.285505   -1.332472 
     70          1           0        2.192104    2.394614   -1.819920 
     71          6           0        4.628707    4.263912    0.576356 
     72          1           0        4.862313    2.363733    1.573022 
     73          6           0        4.008614    4.959601   -0.473379 
     74          1           0        2.655631    4.813549   -2.155731 
     75          1           0        5.322372    4.778513    1.235420 
     76          1           0        4.218158    6.014730   -0.625690 
     77          6           0        4.758253   -0.265934    0.619118 
     78          6           0        5.214494   -0.490065    1.929360 
     79          6           0        5.613478   -0.579052   -0.455327 
     80          6           0        6.489874   -1.029929    2.160600 
     81          1           0        4.590371   -0.245048    2.786114 
     82          6           0        6.891009   -1.105268   -0.228269 
     83          1           0        5.268392   -0.416268   -1.475454 
     84          6           0        7.330862   -1.340361    1.084028 
     85          1           0        6.826159   -1.200237    3.179772 
     86          1           0        7.537304   -1.337299   -1.069945 
     87          1           0        8.317966   -1.756641    1.263401 
 
Table S 8. Energies for 5-coordinate Ir(
2
-triphos)Cl3 (1
S5
) 
 Zero-point correction=                           0.692730 (Hartree/Particle) 
 Thermal correction to Energy=                    0.739263 
 Thermal correction to Enthalpy=                  0.740207 
 Thermal correction to Gibbs Free Energy=         0.609959 
 Sum of electronic and zero-point Energies=          -1752.744602 
 Sum of electronic and thermal Energies=             -1752.698069 
 Sum of electronic and thermal Enthalpies=           -1752.697125 
 Sum of electronic and thermal Free Energies=        -1752.827374 
 
Table S 9. Coordinates for singlet Ir(triphos)Br3 (3
S6
) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.021322    0.045711   -0.731265 
      2         15           0        1.547677    1.248906    0.714598 
      3         15           0        0.282704   -1.920658    0.708511 
      4         15           0       -1.871698    0.696076    0.685517 
      5          6           0        1.385047    0.568305    2.489738 
      6          1           0        2.108275   -0.239546    2.618516 
      7          1           0        1.681721    1.381649    3.160664 
      8          6           0       -1.166002    1.031045    2.417522 
      9          1           0       -0.778225    2.054516    2.403048 
     10          1           0       -1.986843    1.023934    3.140315 
     11          6           0       -0.288911   -1.425798    2.453116 
     12          1           0       -1.361925   -1.625278    2.484751 
     13          1           0        0.170771   -2.109258    3.172963 
     14          6           0       -0.033627    0.055462    2.900221 
     15          6           0       -0.072428    0.063853    4.458542 
     16          1           0       -0.990234   -0.408927    4.832922 
     17          1           0        0.782756   -0.482772    4.877844 
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     18          1           0       -0.036608    1.091066    4.843452 
     19          6           0        3.378242    1.165654    0.298791 
     20          6           0        3.810358    1.912721   -0.819374 
     21          6           0        4.309110    0.406022    1.031334 
     22          6           0        5.166370    1.912883   -1.183008 
     23          1           0        3.091849    2.468100   -1.415869 
     24          6           0        5.668704    0.407665    0.662213 
     25          1           0        4.004564   -0.200758    1.878217 
     26          6           0        6.101272    1.163217   -0.441682 
     27          1           0        5.486887    2.482838   -2.051199 
     28          1           0        6.378904   -0.186605    1.232124 
     29          1           0        7.150312    1.160635   -0.728591 
     30          6           0        1.372250    3.109618    1.075272 
     31          6           0        2.369578    3.706458    1.882692 
     32          6           0        0.298790    3.893668    0.616277 
     33          6           0        2.284186    5.064266    2.233929 
     34          1           0        3.226094    3.126520    2.218590 
     35          6           0        0.214548    5.255300    0.971515 
     36          1           0       -0.443155    3.470770   -0.048490 
     37          6           0        1.201114    5.844332    1.781104 
     38          1           0        3.062874    5.511324    2.847337 
     39          1           0       -0.618201    5.847565    0.601154 
     40          1           0        1.136756    6.897017    2.046556 
     41          6           0        1.994503   -2.702826    1.004169 
     42          6           0        2.655270   -3.306605   -0.088406 
     43          6           0        2.584279   -2.793738    2.284307 
     44          6           0        3.879568   -3.972468    0.095919 
     45          1           0        2.234193   -3.242762   -1.083812 
     46          6           0        3.809647   -3.462548    2.468310 
     47          1           0        2.104736   -2.372145    3.161948 
     48          6           0        4.464238   -4.053495    1.373086 
     49          1           0        4.373063   -4.421680   -0.761859 
     50          1           0        4.241170   -3.525741    3.464682 
     51          1           0        5.410003   -4.571559    1.512897 
     52          6           0       -0.698985   -3.487704    0.332898 
     53          6           0       -1.385432   -4.189649    1.346112 
     54          6           0       -0.669262   -4.008658   -0.977520 
     55          6           0       -2.039063   -5.400299    1.050986 
     56          1           0       -1.418837   -3.818434    2.366069 
     57          6           0       -1.318973   -5.222310   -1.266521 
     58          1           0       -0.177718   -3.461683   -1.774733 
     59          6           0       -2.004934   -5.921402   -0.255911 
     60          1           0       -2.568308   -5.931676    1.838463 
     61          1           0       -1.296857   -5.608337   -2.282269 
     62          1           0       -2.509870   -6.857247   -0.484114 
     63          6           0       -3.327887   -0.493541    1.020680 
     64          6           0       -4.088580   -0.958302   -0.073944 
     65          6           0       -3.746288   -0.831142    2.327736 
     66          6           0       -5.230310   -1.752491    0.135638 
     67          1           0       -3.781044   -0.726968   -1.086851 
     68          6           0       -4.890340   -1.623894    2.535433 
     69          1           0       -3.212003   -0.478261    3.204214 
     70          6           0       -5.637466   -2.090130    1.438882 
     71          1           0       -5.793998   -2.106626   -0.723545 
     72          1           0       -5.195604   -1.868367    3.550302 
     73          1           0       -6.521346   -2.703213    1.597909 
     74          6           0       -2.866099    2.241201    0.266379 
     75          6           0       -3.275965    3.146241    1.268292 
     76          6           0       -3.279116    2.437577   -1.067895 
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     77          6           0       -4.091517    4.244084    0.937716 
     78          1           0       -2.973924    3.011874    2.303303 
     79          6           0       -4.099045    3.534670   -1.392228 
     80          1           0       -2.948359    1.760720   -1.849293 
     81          6           0       -4.506971    4.439019   -0.393796 
     82          1           0       -4.403033    4.937516    1.715379 
     83          1           0       -4.406174    3.682424   -2.424188 
     84          1           0       -5.139137    5.286312   -0.649354 
     85         35           0       -0.056252    2.134338   -2.326917 
     86         35           0       -1.585545   -1.081092   -2.483452 
     87         35           0        1.970804   -0.755220   -2.281704 
 --------------------------------------------------------------------- 
 
Table S 10. Energies for singlet Ir(triphos)Br3 (3
S6
) 
Zero-point correction=                           0.693760 Hartree/Particle) 
 Thermal correction to Energy=                    0.740795 
 Thermal correction to Enthalpy=                  0.741739 
 Thermal correction to Gibbs Free Energy=         0.609983 
 Sum of electronic and zero-point Energies=          -1748.735286 
 Sum of electronic and thermal Energies=             -1748.688252 
 Sum of electronic and thermal Enthalpies=           -1748.687308 
 Sum of electronic and thermal Free Energies=        -1748.819064 
 
Table S 11. Coordinates for triplet 3
T6
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.166113   -0.070077   -0.892344 
      2         15           0       -0.992864    1.684724    0.693315 
      3         15           0        2.220451    0.118345    0.681824 
      4         15           0       -0.899437   -1.760797    0.721268 
      5          6           0       -0.092649    1.489094    2.366812 
      6          1           0        0.847555    2.046316    2.310956 
      7          1           0       -0.725390    1.989206    3.108027 
      8          6           0       -0.908319   -0.993658    2.465438 
      9          1           0       -1.882017   -0.502086    2.564952 
     10          1           0       -0.903225   -1.814364    3.189833 
     11          6           0        1.654254   -0.423895    2.426071 
     12          1           0        1.724820   -1.512837    2.470265 
     13          1           0        2.372890   -0.022535    3.149571 
     14          6           0        0.215902    0.030858    2.853077 
     15          6           0        0.214846    0.084362    4.413443 
     16          1           0        0.568370   -0.864021    4.840206 
     17          1           0        0.875677    0.882832    4.774876 
     18          1           0       -0.794463    0.277000    4.799827 
     19          6           0       -0.746692    3.493904    0.236129 
     20          6           0       -1.310585    3.945048   -0.977265 
     21          6           0       -0.081717    4.407896    1.078674 
     22          6           0       -1.217238    5.301744   -1.332585 
     23          1           0       -1.799516    3.243826   -1.646806 
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     24          6           0        0.013294    5.765268    0.715674 
     25          1           0        0.372276    4.089321    2.011976 
     26          6           0       -0.557510    6.216115   -0.488343 
     27          1           0       -1.648098    5.636572   -2.272463 
     28          1           0        0.530792    6.460828    1.372207 
     29          1           0       -0.483951    7.264312   -0.768997 
     30          6           0       -2.799196    1.731815    1.294985 
     31          6           0       -3.170019    2.761138    2.191647 
     32          6           0       -3.763183    0.792881    0.887683 
     33          6           0       -4.482919    2.834616    2.687049 
     34          1           0       -2.454159    3.525653    2.483690 
     35          6           0       -5.078884    0.866870    1.387846 
     36          1           0       -3.514920    0.034333    0.157363 
     37          6           0       -5.442632    1.882123    2.289185 
     38          1           0       -4.756963    3.637166    3.367680 
     39          1           0       -5.812552    0.135898    1.058266 
     40          1           0       -6.460788    1.941585    2.666705 
     41          6           0        3.256165    1.668158    1.080732 
     42          6           0        3.058600    2.849399    0.337228 
     43          6           0        4.251821    1.637735    2.084128 
     44          6           0        3.838825    3.992325    0.607928 
     45          1           0        2.323538    2.872518   -0.462333 
     46          6           0        5.026680    2.779560    2.353066 
     47          1           0        4.449897    0.724494    2.641710 
     48          6           0        4.819170    3.963398    1.615520 
     49          1           0        3.678484    4.895348    0.024137 
     50          1           0        5.794915    2.742245    3.122101 
     51          1           0        5.422819    4.845182    1.818197 
     52          6           0        3.591961   -1.101276    0.246283 
     53          6           0        4.180807   -1.983559    1.175767 
     54          6           0        4.061474   -1.081690   -1.085597 
     55          6           0        5.231745   -2.833188    0.780578 
     56          1           0        3.835037   -2.025465    2.205202 
     57          6           0        5.116457   -1.925437   -1.475513 
     58          1           0        3.598779   -0.424079   -1.816780 
     59          6           0        5.704912   -2.803337   -0.544356 
     60          1           0        5.676284   -3.512788    1.504181 
     61          1           0        5.466719   -1.903017   -2.504263 
     62          1           0        6.516838   -3.459511   -0.849383 
     63          6           0        0.054249   -3.394068    0.937115 
     64          6           0        0.104222   -4.281926   -0.160517 
     65          6           0        0.610419   -3.807018    2.166950 
     66          6           0        0.714263   -5.541772   -0.034114 
     67          1           0       -0.321817   -3.996023   -1.114659 
     68          6           0        1.218806   -5.070346    2.293486 
     69          1           0        0.565272   -3.175975    3.048714 
     70          6           0        1.276904   -5.941908    1.192159 
     71          1           0        0.747774   -6.205493   -0.894156 
     72          1           0        1.638064   -5.369363    3.251389 
     73          1           0        1.747296   -6.917463    1.288280 
     74          6           0       -2.631952   -2.490757    0.542341 
     75          6           0       -3.347598   -2.950204    1.669212 
     76          6           0       -3.176022   -2.659206   -0.746599 
     77          6           0       -4.603435   -3.561803    1.508179 
     78          1           0       -2.939470   -2.846111    2.671211 
     79          6           0       -4.431925   -3.277218   -0.904344 
     80          1           0       -2.646436   -2.289070   -1.618248 
     81          6           0       -5.148472   -3.728381    0.219324 
     82          1           0       -5.148889   -3.911332    2.381601 
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     83          1           0       -4.845864   -3.394194   -1.902445 
     84          1           0       -6.118290   -4.204361    0.094433 
     85         35           0       -2.522616    0.509001   -2.347165 
     86         35           0        0.759525   -1.812250   -2.503480 
     87         35           0        0.935154    1.703402   -2.503341 
 --------------------------------------------------------------------- 
 
Table S 12. Energies for triplet 3
T6
  
Zero-point correction=                           0.691660(Hartree/Particle) 
Thermal correction to Energy=                    0.739808 
Thermal correction to Enthalpy=                  0.740752 
Thermal correction to Gibbs Free Energy=         0.602484 
Sum of electronic and zero-point Energies=          -1748.667641 
Sum of electronic and thermal Energies=             -1748.619492 
Sum of electronic and thermal Enthalpies=           -1748.618548 
Sum of electronic and thermal Free Energies=        -1748.756816 
 
Table S 13. Coordinates for triplet 3
T5
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -1.557165   -0.259659   -0.903735 
      2         15           0       -0.182980   -1.786629    0.424014 
      3         15           0       -1.212797    1.450529    0.761952 
      4         15           0        3.502256    0.223361    0.166185 
      5         35           0       -4.072478    0.326177   -0.890991 
      6         35           0       -0.149812    1.229302   -2.559714 
      7         35           0       -1.935054   -2.009639   -2.756803 
      8          6           0        0.558607   -1.044525    2.023456 
      9          1           0       -0.304266   -1.057466    2.698324 
     10          1           0        1.273342   -1.784579    2.403103 
     11          6           0        2.783869    0.304360    1.951932 
     12          1           0        3.146973   -0.588500    2.477131 
     13          1           0        3.224712    1.176381    2.451578 
     14          6           0        0.636448    1.477548    1.214226 
     15          1           0        1.109181    1.441545    0.227342 
     16          1           0        0.864677    2.454774    1.655621 
     17          6           0        1.227151    0.370413    2.138792 
     18          6           0        1.024568    0.779310    3.635206 
     19          1           0        1.486913    1.755124    3.831870 
     20          1           0       -0.034158    0.845032    3.901255 
     21          1           0        1.498285    0.044200    4.299959 
     22          6           0       -1.254609   -3.156170    1.183695 
     23          6           0       -2.423363   -3.578488    0.515777 
     24          6           0       -0.895889   -3.776795    2.403565 
     25          6           0       -3.217408   -4.606880    1.058361 
     26          1           0       -2.713691   -3.120773   -0.424189 
     27          6           0       -1.693395   -4.801793    2.943034 
     28          1           0       -0.009601   -3.470904    2.951355 
     29          6           0       -2.856953   -5.222006    2.270925 
     30          1           0       -4.113766   -4.920057    0.529552 
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     31          1           0       -1.404424   -5.269033    3.881446 
     32          1           0       -3.472544   -6.015799    2.687220 
     33          6           0        1.202960   -2.702436   -0.462171 
     34          6           0        1.891346   -3.740387    0.202860 
     35          6           0        1.546420   -2.365219   -1.784265 
     36          6           0        2.922390   -4.434604   -0.453685 
     37          1           0        1.621225   -4.033125    1.214307 
     38          6           0        2.574898   -3.068408   -2.439368 
     39          1           0        1.021331   -1.572416   -2.305064 
     40          6           0        3.264930   -4.100412   -1.778566 
     41          1           0        3.447571   -5.234606    0.062332 
     42          1           0        2.826865   -2.808930   -3.464325 
     43          1           0        4.056947   -4.643416   -2.289080 
     44          6           0       -2.202650    1.307094    2.354930 
     45          6           0       -2.936630    0.137029    2.631133 
     46          6           0       -2.215736    2.372770    3.282150 
     47          6           0       -3.661004    0.023090    3.833619 
     48          1           0       -2.971550   -0.668725    1.904414 
     49          6           0       -2.939177    2.257721    4.482114 
     50          1           0       -1.675760    3.291802    3.068597 
     51          6           0       -3.660815    1.079762    4.762737 
     52          1           0       -4.230297   -0.881243    4.032218 
     53          1           0       -2.945310    3.083451    5.189376 
     54          1           0       -4.225465    0.993674    5.688065 
     55          6           0       -1.549032    3.216042    0.216418 
     56          6           0       -0.508087    4.064711   -0.215161 
     57          6           0       -2.879541    3.688793    0.212061 
     58          6           0       -0.794024    5.380203   -0.624330 
     59          1           0        0.518867    3.718352   -0.256703 
     60          6           0       -3.160671    5.001806   -0.203381 
     61          1           0       -3.693182    3.037083    0.514427 
     62          6           0       -2.118981    5.853047   -0.619302 
     63          1           0        0.016316    6.024702   -0.955753 
     64          1           0       -4.189621    5.352278   -0.209875 
     65          1           0       -2.338577    6.867692   -0.943128 
     66          6           0        3.943606    2.058262   -0.112290 
     67          6           0        3.361017    2.705995   -1.224014 
     68          6           0        4.824181    2.787154    0.717356 
     69          6           0        3.645006    4.060115   -1.495391 
     70          1           0        2.688101    2.156590   -1.878357 
     71          6           0        5.109335    4.138627    0.448489 
     72          1           0        5.310548    2.301815    1.560585 
     73          6           0        4.518371    4.779941   -0.659082 
     74          1           0        3.190893    4.541566   -2.358448 
     75          1           0        5.795016    4.684985    1.092416 
     76          1           0        4.743188    5.823002   -0.870305 
     77          6           0        5.225540   -0.482438    0.542049 
     78          6           0        5.852502   -0.464440    1.808090 
     79          6           0        5.916308   -1.065934   -0.544430 
     80          6           0        7.137912   -1.012211    1.982793 
     81          1           0        5.350618   -0.029649    2.668770 
     82          6           0        7.205906   -1.603622   -0.375880 
     83          1           0        5.441315   -1.104605   -1.522289 
     84          6           0        7.821068   -1.579786    0.890581 
     85          1           0        7.604560   -0.990571    2.965246 
     86          1           0        7.722552   -2.043610   -1.225739 
     87          1           0        8.815594   -1.999037    1.024641 
 --------------------------------------------------------------------- 
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Table S 14. Energies for triplet 3
T5
 
Zero-point correction=                           0.691144(Hartree/Particle) 
 Thermal correction to Energy=                    0.739608 
 Thermal correction to Enthalpy=                  0.740553 
 Thermal correction to Gibbs Free Energy=         0.599757 
 Sum of electronic and zero-point Energies=          -1748.684749 
 Sum of electronic and thermal Energies=             -1748.636285 
 Sum of electronic and thermal Enthalpies=           -1748.635341 
 Sum of electronic and thermal Free Energies=        -1748.776136 
 
Table S 15. Coordinates for transition state 3
T
 (3
T6
 to 3
T5
) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.226759   -0.070694   -0.918917 
      2         15           0       -1.470368    1.294367    0.720264 
      3         15           0        2.168809    0.767125    0.625361 
      4         15           0       -0.298780   -1.916889    0.727514 
      5          6           0       -0.466582    1.421446    2.336728 
      6          1           0        0.262031    2.227911    2.210252 
      7          1           0       -1.176415    1.742641    3.106721 
      8          6           0       -0.486200   -1.188394    2.475575 
      9          1           0       -1.560178   -1.022326    2.611357 
     10          1           0       -0.201789   -1.964772    3.192690 
     11          6           0        1.783340    0.120563    2.389690 
     12          1           0        2.172555   -0.898026    2.456070 
     13          1           0        2.356639    0.734070    3.094460 
     14          6           0        0.279143    0.133300    2.832675 
     15          6           0        0.281344    0.205673    4.392556 
     16          1           0        0.907910   -0.587782    4.821745 
     17          1           0        0.678821    1.169769    4.734883 
     18          1           0       -0.734614    0.093597    4.793290 
     19          6           0       -1.860658    3.079772    0.269610 
     20          6           0       -2.633866    3.306433   -0.889856 
     21          6           0       -1.459616    4.171725    1.065115 
     22          6           0       -3.009351    4.614649   -1.238692 
     23          1           0       -2.923926    2.474799   -1.525942 
     24          6           0       -1.835029    5.481883    0.708803 
     25          1           0       -0.854637    4.031017    1.955626 
     26          6           0       -2.613263    5.706168   -0.440902 
     27          1           0       -3.597665    4.778655   -2.137680 
     28          1           0       -1.518171    6.317588    1.328406 
     29          1           0       -2.901899    6.717776   -0.716710 
     30          6           0       -3.163215    0.742834    1.386335 
     31          6           0       -3.779965    1.539847    2.379437 
     32          6           0       -3.824234   -0.404637    0.913367 
     33          6           0       -5.030611    1.177016    2.906763 
     34          1           0       -3.310776    2.458455    2.724310 
     35          6           0       -5.079021   -0.766452    1.444347 
     36          1           0       -3.394779   -0.991801    0.111784 
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     37          6           0       -5.683252    0.016679    2.442730 
     38          1           0       -5.497856    1.802365    3.663777 
     39          1           0       -5.578760   -1.653705    1.064663 
     40          1           0       -6.654218   -0.261744    2.845681 
     41          6           0        2.735516    2.545926    1.023519 
     42          6           0        2.114997    3.637148    0.381123 
     43          6           0        3.787401    2.788365    1.936320 
     44          6           0        2.531517    4.954844    0.662001 
     45          1           0        1.333819    3.464464   -0.353559 
     46          6           0        4.200386    4.102941    2.216097 
     47          1           0        4.307595    1.958944    2.411069 
     48          6           0        3.569836    5.192085    1.580173 
     49          1           0        2.048545    5.785646    0.153287 
     50          1           0        5.016347    4.275803    2.914237 
     51          1           0        3.894029    6.208901    1.790040 
     52          6           0        3.831706   -0.035071    0.229128 
     53          6           0        4.646839   -0.680107    1.183363 
     54          6           0        4.274689    0.052871   -1.109520 
     55          6           0        5.890275   -1.222951    0.807797 
     56          1           0        4.329804   -0.772076    2.219070 
     57          6           0        5.520889   -0.482524   -1.481211 
     58          1           0        3.645699    0.522065   -1.861108 
     59          6           0        6.332814   -1.121718   -0.524352 
     60          1           0        6.508142   -1.720268    1.552180 
     61          1           0        5.847338   -0.409508   -2.515506 
     62          1           0        7.293714   -1.540415   -0.814607 
     63          6           0        1.122961   -3.171877    0.887995 
     64          6           0        1.445695   -3.958002   -0.239902 
     65          6           0        1.784745   -3.430920    2.107673 
     66          6           0        2.420258   -4.967161   -0.151283 
     67          1           0        0.952961   -3.781767   -1.188338 
     68          6           0        2.759077   -4.442980    2.195197 
     69          1           0        1.549714   -2.874894    3.009524 
     70          6           0        3.083799   -5.213288    1.064840 
     71          1           0        2.658507   -5.555019   -1.033841 
     72          1           0        3.255440   -4.627805    3.145032 
     73          1           0        3.837476   -5.994181    1.131005 
     74          6           0       -1.726647   -3.146672    0.595913 
     75          6           0       -2.253858   -3.770703    1.747047 
     76          6           0       -2.205225   -3.512545   -0.677888 
     77          6           0       -3.260806   -4.744595    1.624836 
     78          1           0       -1.889877   -3.515607    2.738626 
     79          6           0       -3.210360   -4.491954   -0.796468 
     80          1           0       -1.824322   -3.024843   -1.569331 
     81          6           0       -3.740744   -5.109235    0.351387 
     82          1           0       -3.662915   -5.218666    2.517061 
     83          1           0       -3.577551   -4.760774   -1.783434 
     84          1           0       -4.517063   -5.864890    0.256595 
     85         35           0       -2.576821   -0.348501   -2.393965 
     86         35           0        1.192570   -1.406079   -2.583367 
     87         35           0        0.285323    2.005108   -2.431875 
 --------------------------------------------------------------------- 
 
Table S 16. Energies for transition state 3
T
 (3
T6
 to 3
T5
) 
Zero-point correction=                           0.691354(Hartree/Particle) 
 Thermal correction to Energy=                    0.738723 
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 Thermal correction to Enthalpy=                  0.739667 
 Thermal correction to Gibbs Free Energy=         0.604173 
 Sum of electronic and zero-point Energies=          -1748.667617 
 Sum of electronic and thermal Energies=             -1748.620248 
 Sum of electronic and thermal Enthalpies=           -1748.619304 
 Sum of electronic and thermal Free Energies=        -1748.754798 
 
 
Figure S 20. Predicted uv/vis absorption spectrum of singlet Ir(triphos)Cl3 (1
S6
) 
Table S 17. GaussSum
1
 results for singlet-singlet transition of Ir(triphos)Cl3 (1
S6
) 
HOMO 
is 169 
     
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Major contribs Minor contribs 
1 26292.24288 380.340317319 0.0015 
H-3->LUMO (46%), H-22->LUMO (4%),  
H-5->L+1 (2%), H-3->L+3 (7%),  
H-2->L+1 (9%), H-1->LUMO (4%),  
HOMO->L+1 (3%) 
2 26512.43376 377.181517567 0.0139 
H-3->L+1 (11%), H-2->LUMO (41%) 
H-17->LUMO (3%), H-5->LUMO (5%),  
H-5->L+1 (2%), H-2->L+1 (2%),  
H-2->L+3 (5%), H-1->L+1 (3%),  
HOMO->LUMO (3%) 
3 26704.39504 374.470194326 0.0115 
H-4->L+1 (42%), HOMO->L+1 (22%)  
H-21->L+1 (3%), H-17->L+1 (4%),  
H-3->LUMO (4%) 
                                            
1
 N. M. O'Boyle, A. L. Tenderholt and K. M. Langner. J. Comp. Chem. 2008, 29, 839-845. 
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4 29032.1272 344.445997054 0.0006 
H-4->LUMO (24%), H-3->L+1 (11%), 
HOMO->LUMO (32%),  H-21->LUMO (2%), 
H-5->LUMO (3%), H-4->L+1 (3%), H-4-
>L+3 (2%), H-1->L+1 (2%),  
HOMO->L+3 (4%) 
5 29519.28944 338.76154168 0.0004 
H-4->LUMO (12%), H-3->L+1 (33%),  
H-2->LUMO (14%), H-22->L+1 (2%),  
H-5->L+1 (4%), H-2->L+1 (3%),  
H-2->L+3 (2%), H-1->L+1 (9%) 
6 29637.85376 337.406348009 0.0005 
H-3->LUMO (10%), H-3->L+1 (12%),  
H-2->L+1 (42%), H-5->L+1 (3%),  
H-4->L+1 (3%), H-2->LUMO (2%),  
H-1->LUMO (4%), HOMO->L+1 (2%) 
7 32659.22752 306.192177812 0.0151 
H-1->LUMO (43%), HOMO->LUMO (14%), 
H-4->LUMO (6%), H-4->L+1 (2%), H-3-
>LUMO (7%), H-2->LUMO (2%),      H-1-
>L+3 (5%), HOMO->L+1 (4%), HOMO-
>L+3 (2%) 
8 33100.41584 302.111008162 0.0108 
H-4->LUMO (16%), H-1->LUMO (11%),  
H-1->L+1 (15%), HOMO->LUMO (10%), H-
5->LUMO (9%), H-4->L+1 (3%),          H-3-
>L+1 (2%), H-2->LUMO (7%),  
H-2->L+1 (7%), HOMO->L+1 (4%) 
9 33281.89184 300.463689026 0.014 
H-5->L+1 (21%), H-4->L+1 (13%),  
HOMO->L+1 (41%), H-4->LUMO (4%),  
H-1->LUMO (6%) 
10 33977.95312 294.308487762 0.0015 
H-4->LUMO (10%), H-1->L+1 (47%), 
HOMO->LUMO (10%), H-5->LUMO (3%), 
H-3->L+1 (7%), H-1->LUMO (3%),  
HOMO->L+1 (5%) 
11 34732.89328 287.911517171 0.0066 
H-5->LUMO (57%), H-1->L+1 (10%)  
H-5->L+3 (5%), H-2->LUMO (3%),  
HOMO->LUMO (8%) 
12 34961.95632 286.025184302 0.0052 
H-5->L+1 (50%), H-4->L+1 (10%),  
H-2->L+1 (16%), H-1->LUMO (5%), HOMO-
>L+1 (3%) 
13 42152.43872 237.234198155 0.0031 
H-13->LUMO (4%), H-11->LUMO (6%),  
H-11->L+3 (4%), H-8->L+3 (3%),  
H-8->L+6 (6%), H-5->L+3 (2%),  
H-3->LUMO (3%), H-3->L+3 (4%),  
H-1->L+3 (3%), HOMO->L+2 (2%), HOMO-
>L+3 (6%) 
14 42354.88528 236.100273531 0.0088 
H-10->L+1 (4%), H-9->L+5 (2%),  
H-7->L+10 (2%), H-6->L+1 (5%),  
H-6->L+11 (5%), HOMO->L+1 (2%),  
HOMO->L+7 (3%) 
15 42429.0888 235.687361733 0.0018 
H-10->L+9 (2%), H-9->L+1 (3%),  
H-9->L+5 (2%), H-7->L+2 (2%),  
H-7->L+10 (3%), H-6->L+11 (3%),  
H-3->L+2 (2%), H-1->L+2 (2%),  
HOMO->L+2 (3%) 
16 42679.92896 234.302170685 0.0182 
H-17->LUMO (13%), H-14->LUMO (3%), H-
13->LUMO (3%), H-8->L+12 (3%),  
H-7->LUMO (4%), H-2->LUMO (4%),  
H-1->L+3 (3%), HOMO->L+3 (2%) 
17 42763.00464 233.846991908 0.0065 
H-15->L+7 (3%), H-15->L+8 (2%),  
H-14->L+4 (7%), H-13->L+4 (4%),  
H-11->L+4 (3%), H-10->L+4 (3%),  
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H-9->L+4 (5%), H-6->L+13 (3%),  
H-2->L+3 (3%), H-2->L+4 (8%),  
H-1->L+4 (4%) 
18 42829.14256 233.48587906 0.0053 
H-4->L+2 (11%), H-18->L+5 (2%),  
H-16->L+2 (4%), H-15->L+2 (5%),  
H-15->L+5 (3%), H-13->L+2 (3%),  
H-12->L+2 (6%), H-11->L+2 (3%),  
H-9->L+2 (4%), H-8->L+2 (3%),  
H-7->L+5 (4%) 
19 43101.7598 232.009088193 0.0172 
H-17->LUMO (23%), H-17->L+1 (2%),  
H-17->L+3 (2%), H-16->LUMO (3%),  
H-12->LUMO (3%), H-8->LUMO (2%),  
H-7->LUMO (5%), H-4->LUMO (2%) 
 
20 43373.57056 230.555148467 0.0251 
H-17->L+1 (17%), H-6->LUMO (12%),  
H-20->LUMO (4%), H-19->LUMO (7%),  
H-15->LUMO (3%), H-12->L+1 (4%),  
H-4->L+1 (3%), H-2->LUMO (3%) 
21 43747.00784 228.58706215 0.0279 
H-22->LUMO (7%), H-20->L+1 (7%),  
H-19->LUMO (9%), H-17->L+1 (5%),  
H-12->L+1 (9%), H-6->LUMO (3%),  
H-3->LUMO (8%), H-2->L+1 (3%) 
22 43994.62176 227.300510834 0.0402 
H-21->L+1 (10%), H-6->L+1 (11%),  
H-20->L+1 (6%), H-19->LUMO (3%),  
H-15->LUMO (2%), H-12->L+1 (3%),  
H-6->LUMO (6%), H-4->L+1 (3%),  
H-3->LUMO (2%) 
23 44131.73696 226.594298998 0.0821 
H-21->LUMO (5%), H-20->LUMO (4%),  
H-20->L+1 (2%), H-17->L+1 (9%),  
H-12->LUMO (3%), H-12->L+1 (4%),  
H-7->LUMO (5%), H-6->L+1 (2%),  
H-4->LUMO (2%), H-3->LUMO (2%),  
H-3->L+3 (3%), H-2->LUMO (4%),  
H-2->L+1 (3%), H-2->L+3 (2%),  
H-1->L+3 (5%) 
24 44510.0136 224.668545147 0.0042 
HOMO->L+3 (26%), H-19->LUMO (2%), H-
13->LUMO (3%), H-6->L+1 (2%),  
H-3->L+3 (6%), HOMO->LUMO (5%),  
HOMO->L+2 (7%), HOMO->L+4 (4%), 
HOMO->L+6 (3%) 
25 44644.70912 223.990707905 0.0175 
H-1->L+2 (18%), H-22->L+1 (4%),  
H-19->L+1 (7%), H-12->L+1 (3%),  
H-7->L+1 (2%), H-6->L+1 (4%),  
H-4->L+2 (7%), H-4->L+3 (4%),  
H-4->L+4 (2%), H-3->L+3 (3%),  
H-2->L+2 (3%), H-2->L+3 (5%) 
26 44774.56528 223.341085222 0.0046 
H-4->L+2 (14%), H-2->L+3 (15%),  
H-1->L+4 (11%), H-22->LUMO (2%),  
H-3->L+3 (4%), H-1->L+3 (4%),  
HOMO->L+3 (3%) 
27 44920.55264 222.615248751 0.0172 
H-4->L+2 (19%), H-1->L+2 (10%),  
H-22->L+1 (3%), H-19->L+1 (6%),  
H-12->L+1 (2%), H-6->L+1 (4%),  
H-5->L+3 (2%), H-4->L+4 (3%),  
H-2->L+4 (2%), HOMO->L+4 (3%) 
28 44983.46432 222.303909918 0.004 
H-2->L+4 (13%), H-1->L+3 (14%),  
H-22->LUMO (2%), H-20->L+1 (3%),  
H-12->L+1 (5%), H-4->L+2 (2%),  
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H-2->L+2 (8%), H-1->L+4 (3%) 
29 45256.88816 220.96083947 0.0258 
H-5->L+2 (11%), H-4->L+3 (11%),  
H-3->L+2 (11%), H-1->L+2 (13%),  
H-4->L+2 (3%), H-4->L+4 (3%),  
H-4->L+5 (2%), H-2->L+4 (3%),  
H-2->L+5 (3%), H-1->L+4 (3%),  
H-1->L+7 (3%), HOMO->L+5 (2%) 
30 45304.4752 220.72874602 0.0249 
H-3->L+3 (15%), H-5->L+4 (2%),  
H-4->L+2 (3%), H-4->L+3 (7%),  
H-3->L+2 (4%), H-3->L+4 (4%),  
H-2->L+3 (4%), H-2->L+4 (3%),  
H-1->L+3 (4%), HOMO->L+3 (4%) 
31 45721.46672 218.715643163 0.0026 
H-2->L+2 (16%), H-2->L+5 (15%),  
H-1->L+5 (13%), H-5->L+2 (7%),  
H-5->L+4 (2%), H-3->L+2 (3%),  
H-2->L+4 (5%), H-2->L+7 (6%),  
H-1->L+4 (2%), H-1->L+7 (3%),  
HOMO->L+4 (3%), HOMO->L+5 (3%) 
32 45776.3128 218.453592881 0.0052 
H-5->L+2 (13%), H-3->L+4 (14%),  
H-4->L+2 (8%), H-4->L+3 (9%), H-4->L+5 
(2%), H-2->L+4 (3%), H-1->L+2 (6%),  
H-1->L+4 (3%), HOMO->L+2 (2%),  
HOMO->L+3 (5%), HOMO->L+4 (6%) 
33 45989.24464 217.442144968 0.0151 
H-5->L+3 (17%), H-4->L+3 (12%), 
H-4->LUMO (2%), H-4->L+5 (9%),  
H-4->L+7 (4%), H-3->L+4 (4%),  
HOMO->L+4 (6%), HOMO->L+7 (3%) 
34 46238.47168 216.270123918 0.0041 
H-3->L+5 (10%), H-23->LUMO (3%),  
H-22->L+1 (2%), H-21->LUMO (2%),  
H-6->LUMO (3%), H-5->L+2 (5%),  
H-5->L+4 (3%), H-3->L+2 (3%), H-3->L+4 
(6%), H-3->L+7 (6%), H-2->L+5 (4%),  
H-2->L+7 (3%), H-1->L+3 (3%),  
HOMO->L+2 (3%), HOMO->L+4 (8%),  
HOMO->L+5 (2%) 
35 46427.20672 215.390946526 0.1469 
H-6->LUMO (17%), H-22->LUMO (7%),  
H-12->LUMO (6%), H-8->LUMO (5%),  
H-6->L+1 (7%), H-3->L+5 (2%),  
H-2->L+2 (2%), H-2->L+5 (4%), H-1->L+2 
(3%), H-1->L+5 (2%), HOMO->L+6 (2%) 
36 46552.22352 214.812510421 0.0199 
HOMO->L+7 (12%), H-8->LUMO (4%),  
H-7->L+1 (2%), H-6->L+1 (4%), H-5->L+3 
(4%), H-5->L+5 (4%), H-4->L+3 (3%),  
H-3->L+2 (3%), H-1->L+5 (4%),  
HOMO->L+6 (5%), HOMO->L+9 (5%) 
37 46698.21088 214.14096625 0.0147 
H-8->LUMO (4%), H-6->L+1 (2%),  
H-5->L+3 (4%), H-4->L+4 (5%), H-3->L+4 
(6%), H-1->L+4 (7%), HOMO->L+3 (6%), 
HOMO->L+4 (7%), HOMO->L+7 (7%),  
HOMO->L+9 (6%), HOMO->L+10 (3%) 
38 46953.08384 212.978556085 0.037 
H-7->L+1 (11%), H-21->L+1 (4%),  
H-8->LUMO (2%), H-5->L+4 (2%),  
H-5->L+5 (4%), H-4->L+5 (2%),  
H-3->L+2 (4%), H-3->L+4 (2%), H-3->L+7 
(3%), H-1->L+4 (3%), H-1->L+6 (4%), 
HOMO->L+2 (7%) 
39 47053.09728 212.525860742 0.0778 H-22->LUMO (2%), H-22->L+1 (3%),  
H-12->LUMO (6%), H-12->L+1 (2%),  
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H-8->LUMO (4%), H-8->L+3 (3%),  
H-6->L+1 (3%), H-3->L+6 (4%), H-3->L+7 
(6%), H-2->L+5 (3%), HOMO->L+6 (4%) 
40 47274.90128 211.528733625 0.0067 
H-22->L+1 (4%), H-12->LUMO (2%),  
H-7->L+1 (2%), H-7->L+2 (4%), H-6->L+1 
(3%), H-4->L+4 (4%), H-4->L+5 (4%),  
H-3->L+2 (3%), H-3->L+6 (2%),  
H-1->L+5 (2%), HOMO->L+3 (2%), HOMO-
>L+4 (8%), HOMO->L+6 (2%), HOMO-
>L+7 (9%) 
41 47329.74736 211.28361248 0.0305 
H-21->LUMO (4%), H-7->L+1 (4%),  
H-7->L+2 (3%), H-6->L+4 (3%), H-5->L+2 
(4%), H-3->L+2 (5%), H-3->L+3 (3%),  
H-3->L+4 (4%), H-3->L+5 (6%),  
H-2->L+4 (4%), H-2->L+6 (4%), H-2->L+7 
(2%), HOMO->L+2 (4%) 
42 47481.38064 210.608871629 0.0354 
H-2->L+2 (17%), H-4->L+7 (4%),  
H-3->L+5 (3%), H-3->L+6 (2%), H-2->L+6 
(7%), H-1->L+2 (4%), H-1->L+3 (3%),  
H-1->L+4 (3%), H-1->L+5 (6%),   
H-1->L+7 (9%), HOMO->L+2 (3%) 
43 47586.23344 210.144810318 0.0305 
H-7->L+2 (5%), H-6->LUMO (2%),  
H-3->L+2 (2%), H-3->L+5 (5%), H-2->L+2 
(3%), H-2->L+4 (8%), H-2->L+5 (3%),  
H-2->L+7 (9%), H-1->L+2 (5%),  
H-1->L+4 (4%), H-1->L+8 (3%),  
HOMO->L+6 (4%), HOMO->L+7 (4%) 
44 47726.57488 209.526873134 0.0323 
H-1->L+5 (14%), H-8->LUMO (2%),  
H-6->LUMO (3%), H-5->L+5 (4%),  
H-4->L+4 (4%), H-4->L+5 (6%),  
H-3->L+2 (2%), H-3->L+3 (2%), H-3->L+6 
(5%), H-3->L+7 (4%), H-2->L+3 (9%),  
H-2->L+5 (2%), HOMO->L+5 (8%) 
45 47756.4176 209.395940955 0.0241 
H-21->L+1 (3%), H-12->LUMO (2%),  
H-8->LUMO (4%), H-7->L+2 (4%),  
H-5->L+5 (3%), H-4->L+4 (4%),  
H-4->L+5 (4%), H-3->L+3 (5%), H-3->L+9 
(2%), H-2->L+3 (2%), H-2->L+4 (3%),  
H-2->L+7 (2%), H-1->L+4 (9%) 
46 47803.19808 209.191024903 0.1206 
H-7->L+2 (15%), H-21->L+1 (3%),  
H-12->LUMO (3%), H-6->L+1 (3%),  
H-4->L+9 (2%), H-3->L+4 (4%),  
H-3->L+7 (3%), H-3->L+9 (2%), H-1->L+7 
(5%), HOMO->L+2 (4%), HOMO->L+4 
(3%), HOMO->L+7 (6%) 
47 47950.79856 208.547100368 0.0307 
H-6->L+4 (11%), H-4->L+5 (17%),  
H-15->L+4 (3%), H-6->L+1 (3%),  
H-4->L+3 (3%), H-1->L+4 (7%),  
HOMO->L+4 (6%) 
48 48014.5168 208.270345439 0.0328 
HOMO->L+6 (13%), H-21->LUMO (8%), H-
12->LUMO (3%), H-7->LUMO (2%),  
H-4->L+6 (3%), H-3->L+2 (3%),  
H-2->L+7 (8%), H-1->L+6 (5%),  
HOMO->L+3 (3%), HOMO->L+5 (7%), 
HOMO->L+7 (5%) 
49 48081.46128 207.980367771 0.012 
H-7->L+1 (4%), H-4->L+4 (4%), H-4->L+5 
(9%), H-3->L+2 (4%), H-3->L+4 (6%),  
H-3->L+6 (3%), H-3->L+7 (2%), H-2->L+2 
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(3%), H-2->L+4 (4%), H-2->L+6 (4%),  
H-1->L+3 (5%), H-1->L+8 (3%),  
HOMO->L+3 (4%) 
50 48195.18624 207.489601767 0.1236 
H-7->LUMO (10%), H-23->LUMO (3%),  
H-21->LUMO (3%), H-18->LUMO (2%),  
H-12->LUMO (3%), H-7->L+1 (2%),  
H-7->L+2 (4%), H-7->L+3 (2%), H-2->L+2 
(3%), H-2->L+4 (3%), H-2->L+5 (3%),  
H-1->L+6 (3%), HOMO->L+2 (4%), HOMO-
>L+6 (5%) 
51 48312.13744 206.98732306 0.0007 
H-23->L+1 (2%), H-22->LUMO (3%),  
H-21->LUMO (4%), H-21->L+1 (7%),  
H-8->L+3 (2%), H-6->LUMO (2%),  
H-6->L+7 (2%), H-3->L+2 (2%), H-3->L+4 
(4%), H-3->L+7 (6%), H-1->L+7 (5%), 
HOMO->L+2 (2%), HOMO->L+6 (3%), 
HOMO->L+11 (3%) 
52 48349.2392 206.828487179 0.0228 
H-21->LUMO (4%), H-12->LUMO (3%),  
H-8->LUMO (3%), H-5->L+3 (6%),  
H-3->L+6 (6%), H-3->L+7 (2%),  
H-2->L+2 (4%), H-2->L+3 (3%), H-2->L+4 
(6%), H-2->L+5 (5%), H-2->L+6 (4%),  
H-1->L+3 (5%), H-1->L+4 (4%),  
H-1->L+5 (3%), HOMO->L+6 (6%) 
53 48510.5512 206.14072099 0.1064 
H-23->LUMO (2%), H-22->L+1 (8%),  
H-21->L+1 (4%), H-12->LUMO (5%),  
H-12->L+1 (4%), H-8->LUMO (4%),  
H-6->L+4 (3%), H-5->L+4 (2%), H-4->L+5 
(2%), H-3->L+7 (5%), H-2->L+5 (6%) 
54 48607.3384 205.730252451 0.1111 
H-7->LUMO (2%), H-7->L+1 (4%),  
H-6->L+4 (7%), H-3->L+5 (7%), H-3->L+6 
(2%), H-3->L+7 (7%), H-2->L+3 (7%),  
H-2->L+4 (6%), H-1->L+3 (2%),  
H-1->L+5 (4%), H-1->L+7 (3%),  
HOMO->L+6 (2%) 
55 48683.9616 205.406455665 0.0437 
H-7->LUMO (2%), H-7->L+1 (8%),  
H-5->L+2 (2%), H-5->L+4 (3%), H-5->L+5 
(7%), H-3->L+3 (3%), H-3->L+6 (3%),  
H-1->L+5 (2%), H-1->L+6 (7%),  
H-1->L+8 (2%), HOMO->L+3 (2%), HOMO-
>L+4 (5%), HOMO->L+5 (9%), HOMO-
>L+6 (6%) 
56 48821.0768 204.829566561 0.0708 
H-5->L+7 (4%), H-3->L+2 (3%), H-3->L+3 
(6%), H-3->L+5 (3%), H-3->L+10 (5%),  
H-2->L+2 (3%), H-2->L+5 (5%), H-2->L+6 
(3%), H-1->L+6 (8%), H-1->L+9 (3%), 
HOMO->L+2 (6%), HOMO->L+5 (5%) 
57 48926.73616 204.387228433 0.0433 
HOMO->L+2 (13%), H-23->L+1 (5%),  
H-12->LUMO (3%), H-5->L+2 (7%),  
H-5->L+5 (2%), H-4->L+6 (3%),  
H-3->L+2 (5%), H-3->L+4 (4%), H-1->L+6 
(4%), HOMO->L+3 (3%), HOMO->L+4 
(7%), HOMO->L+5 (6%) 
58 49104.17936 203.648653339 0.0243 
H-5->L+5 (2%), H-5->L+6 (7%), H-4->L+6 
(4%), H-3->L+2 (2%), H-3->L+6 (2%),  
H-2->L+7 (2%), H-1->L+8 (7%),  
HOMO->L+2 (4%), HOMO->L+4 (2%),  
HOMO->L+5 (7%), HOMO->L+7 (3%), 
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HOMO->L+10 (8%) 
59 49143.7008 203.484878778 0.0358 
H-1->L+7 (10%), H-23->L+1 (5%),  
H-21->L+1 (3%), H-12->L+1 (3%),  
H-7->L+1 (3%), H-4->L+3 (2%),  
H-4->L+4 (2%), H-3->L+2 (2%), H-3->L+4 
(3%), H-2->L+4 (4%), H-2->L+5 (3%), H-1-
>L+6 (3%), HOMO->L+2 (4%),  
HOMO->L+4 (2%) 
60 49296.14064 202.855636773 0.0066 
H-5->L+5 (9%), H-4->L+3 (2%), H-4->L+7 
(5%), H-4->L+8 (3%), H-3->L+3 (2%),  
H-3->L+4 (6%), H-2->L+2 (3%), H-2->L+3 
(3%), H-2->L+7 (3%), H-1->L+3 (6%), 
HOMO->L+4 (2%), HOMO->L+6 (2%),  
HOMO->L+10 (3%) 
 
Table S 18. GaussSum results for singlet-triplet transitions of Ir(triphos)Cl3 (1
S6
) 
HOMO 
is 169 
     
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Major contribs Minor contribs 
1 23904.82528 418.325584181 0 
H-2->LUMO (40%), H-2->L+3 (10%)  
H-23->LUMO (3%), H-5->LUMO (3%),  
H-3->LUMO (6%), H-3->L+1 (6%),  
H-3->L+3 (2%), H-2->L+6 (2%),  
HOMO->LUMO (4%) 
2 24014.51744 416.414780142 0 
H-3->LUMO (36%) H-22->LUMO 
(3%), H-3->L+1 (2%), H-3->L+3 (7%),  
H-2->LUMO (4%), H-2->L+1 (8%),  
H-1->LUMO (9%) 
3 24413.76464 409.604997323 0 
H-4->L+1 (28%), HOMO->L+1 (28%)  
H-21->L+1 (5%), H-1->L+1 (6%),  
HOMO->LUMO (2%), HOMO->L+3 (2%) 
4 25549.40112 391.398606685 0 
H-4->LUMO (19%), HOMO->LUMO 
(26%)H-21->LUMO (5%), H-4->L+1 (5%), 
H-4->L+3 (3%), H-3->L+1 (6%),  
H-1->LUMO (3%), HOMO->L+3 (5%) 
5 26040.59616 384.015785912 0 
H-3->L+1 (36%), H-2->LUMO (10%),  
H-1->L+1 (13%), H-23->L+1 (3%),  
H-22->L+1 (2%), H-5->L+1 (2%),  
H-4->LUMO (2%), H-3->L+3 (2%) 
6 26264.81984 380.737429798 0 
H-2->L+1 (51%), H-23->L+1 (3%),  
H-5->L+1 (4%), H-3->LUMO (4%),  
H-1->LUMO (3%), HOMO->L+1 (2%) 
7 27510.14848 363.502218364 0 
H-8->L+13 (15%), H-6->L+10 (14%)  
H-9->L+13 (3%), H-8->L+11 (5%),  
H-6->L+1 (7%), H-6->L+7 (2%),  
H-6->L+9 (2%), H-6->L+11 (7%) 
8 27639.19808 361.804997781 0 
H-16->L+9 (3%), H-16->L+12 (3%),  
H-15->L+3 (3%), H-15->L+6 (4%),  
H-12->LUMO (2%), H-11->L+6 (7%),  
H-11->L+12 (7%), H-9->LUMO (5%),  
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H-9->L+3 (5%), H-9->L+8 (2%),  
H-8->LUMO (3%) 
9 27717.4344 360.78375277 0 
H-14->L+10 (3%), H-14->L+11 (5%),  
H-10->L+7 (5%), H-10->L+10 (5%),  
H-10->L+11 (6%), H-7->L+1 (4%),  
H-7->L+2 (3%), H-7->L+5 (9%),  
H-7->L+8 (4%), H-7->L+9 (5%) 
10 27829.54624 359.330328772 0 
H-13->L+4 (12%), H-18->L+2 (7%),  
H-15->L+5 (3%), H-15->L+12 (2%),  
H-14->L+2 (3%), H-14->L+7 (4%),  
H-13->L+2 (2%), H-10->L+7 (2%),  
H-7->L+2 (6%), H-6->L+4 (3%) 
 
 
 
Figure S 21. Predicted uv/vis absorption spectrum of singlet Ir(triphos)Br3 (3
S6
) 
 
Table S 19. GaussSum results for singlet-singlet transitions of Ir(triphos)Br3 (3
S6
) 
HOMO 
is 169 
     
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
 Contributions 
In % 
1 24344.40048 410.772079116 0.0048 
H-4->LUMO (16%), H-3->LUMO (49%)  
H-22->LUMO (4%), H-3->L+4 (3%),  
H-2->LUMO (2%), HOMO->L+1 (3%) 
2 24701.70656 404.830329261 0.0033 
H-4->L+1 (29%), H-3->L+1 (15%)  
H-21->L+1 (3%), H-5->LUMO (4%),  
H-4->LUMO (9%), H-2->LUMO (2%),  
H-1->LUMO (3%), HOMO->LUMO (7%), 
HOMO->L+1 (3%) 
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3 24847.69392 402.451834452 0.0076 
H-5->LUMO (24%), H-5->L+1 (35%)  
H-21->LUMO (2%), H-4->LUMO (6%),  
H-1->L+1 (5%), HOMO->LUMO (2%) 
4 26330.95776 379.781096121 0.0034 
H-4->L+1 (19%), H-1->L+1 (12%),  
HOMO->LUMO (37%) H-5->L+1 (6%),  
H-4->LUMO (7%) 
5 26768.11328 373.578813546 0.0029 
H-3->L+1 (19%), H-2->LUMO (15%),  
H-1->LUMO (13%), H-1->L+1 (12%)  
H-5->LUMO (2%), H-5->L+1 (4%),  
H-4->LUMO (5%), H-3->LUMO (7%),  
H-2->L+1 (2%), HOMO->LUMO (7%) 
6 27104.4488 368.943123462 0.005 
H-5->LUMO (29%), H-1->L+1 (14%)  
H-4->LUMO (3%), H-4->L+1 (8%),  
H-3->L+1 (6%), H-2->L+1 (8%),  
H-1->LUMO (9%), HOMO->LUMO (4%) 
7 28248.95744 353.995365006 0.0087 
H-1->LUMO (39%), HOMO->L+1 (22%)  
H-5->LUMO (3%), H-5->L+1 (6%),  
H-3->L+1 (9%), H-2->LUMO (2%),  
H-1->L+1 (5%) 
8 28299.77072 353.359753298 0.0142 
H-3->LUMO (10%), H-1->LUMO (10%), 
HOMO->L+1 (39%) H-4->LUMO (3%), 
H-4->L+1 (7%), H-3->L+1 (8%),  
H-2->L+1 (4%), HOMO->LUMO (2%) 
9 28413.49568 351.945431587 0.0101 
H-4->L+1 (12%), H-3->L+1 (13%),  
H-2->LUMO (11%), HOMO->LUMO 
(21%)H-5->LUMO (7%), H-5->L+1 (2%), H-
4->LUMO (5%), H-3->LUMO (3%),  
H-2->L+1 (8%) 
10 29041.80592 344.331204042 0.0058 
H-5->L+1 (14%), H-4->LUMO (13%),  
H-1->L+1 (27%), HOMO->L+1 (19%)  
H-5->LUMO (4%), H-2->L+1 (4%),  
H-1->LUMO (4%) 
11 29573.32896 338.142520699 0.0086 
H-4->LUMO (10%), H-2->LUMO (37%),  
H-2->L+1 (20%), H-1->LUMO (3%),  
H-1->L+1 (7%), HOMO->LUMO (9%) 
12 29866.9168 334.818624465 0.0067 
H-2->LUMO (17%), H-2->L+1 (41%)  
H-5->LUMO (2%), H-5->L+1 (6%),  
H-3->L+1 (5%), H-1->LUMO (6%),  
H-1->L+1 (7%), HOMO->L+1 (3%) 
13 38923.77904 256.912361714 0.0169 
H-17->LUMO (10%), H-6->LUMO (30%), H-
5->LUMO (10%) H-23->LUMO 
(4%), H-18->LUMO (4%), H-16->LUMO 
(5%), H-14->LUMO (5%), H-10->LUMO 
(6%), H-9->LUMO (3%) 
14 39285.11792 254.54931866 0.0203 
H-10->LUMO (10%), H-3->LUMO (11%) 
H-23->LUMO (5%), H-22->LUMO (6%), 
H-20->L+1 (3%), H-19->LUMO (8%), 
H-15->LUMO (2%), H-11->LUMO (2%),  
H-10->L+1 (4%), H-7->L+1 (3%),  
HOMO->L+2 (5%), HOMO->L+4 (2%) 
15 39577.8992 252.666265823 0.0257 
H-10->L+1 (18%) H-23->L+1 (6%), 
H-22->L+1 (4%), H-21->L+1 (3%),  
H-18->L+1 (4%), H-17->L+1 (5%),  
H-15->L+1 (2%), H-7->LUMO (2%),  
H-7->L+1 (2%), H-5->L+1 (4%), H-4->L+1 
(4%), H-3->L+1 (5%), H-1->L+2 (4%), 
HOMO->L+2 (5%), HOMO->L+4 (3%) 
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16 39915.04128 250.532122211 0.0034 
H-1->L+2 (24%) H-22->LUMO (3%), H-19-
>L+1 (3%), H-10->L+1 (6%), H-8->LUMO 
(3%), H-8->L+1 (3%),  
H-7->LUMO (4%), H-4->LUMO (3%), 
HOMO->L+3 (3%), HOMO->L+4 (8%) 
17 39985.212 250.092459182 0.0476 
H-6->L+1 (13%) H-21->L+1 (7%), H-20-
>L+1 (4%), H-10->LUMO (2%),  
H-5->L+1 (8%), H-3->L+4 (2%), H-1->L+2 
(5%), HOMO->L+2 (8%), HOMO->L+3 
(3%), HOMO->L+4 (4%) 
18 40346.55088 247.852661055 0.0212 
H-1->L+2 (10%) H-22->L+1 (3%), H-21-
>LUMO (6%), H-21->L+1 (4%),  
H-20->LUMO (4%), H-11->LUMO (3%),  
H-10->LUMO (7%), H-8->L+1 (2%),  
H-7->LUMO (5%), H-6->LUMO (4%),  
H-4->LUMO (2%), H-4->L+1 (3%),  
H-3->LUMO (2%), HOMO->L+2 (6%), 
HOMO->L+4 (4%) 
19 40442.53152 247.26444226 0.0116 
H-1->L+2 (12%), H-1->L+3 (13%),  
HOMO->L+2 (10%) H-22->LUMO 
(2%), H-19->LUMO (4%), H-8->LUMO 
(2%), H-7->LUMO (2%), H-5->L+3 (4%), H-
4->L+3 (2%), HOMO->L+3 (6%), HOMO-
>L+4 (6%) 
20 40622.3944 246.169634944 0.0224 
H-1->L+2 (14%), H-1->L+3 (12%),  
HOMO->L+3 (20%) H-21->L+1 (3%), 
H-6->L+1 (5%), H-5->L+3 (5%), H-4->L+3 
(2%), H-3->L+2 (4%), H-2->L+4 (3%), 
HOMO->L+4 (2%) 
21 40869.20176 244.683027056 0.0153 
H-3->L+2 (14%), HOMO->L+2 (17%), 
HOMO->L+4 (14%) H-5->L+3 (6%),  
H-2->L+3 (4%), H-1->L+3 (5%),  
H-1->L+4 (3%) 
22 41094.232 243.343153365 0.0175 
H-7->L+1 (15%), H-2->L+2 (12%)  
H-22->LUMO (5%), H-22->L+1 (2%),  
H-19->L+1 (7%), H-10->L+1 (3%),  
H-8->L+1 (7%), H-6->LUMO (2%),  
H-2->L+3 (2%), H-2->L+4 (3%),  
H-1->L+4 (3%) 
23 41283.7736 242.225918999 0.0195 
H-4->L+2 (10%), H-1->L+4 (24%)  
H-22->LUMO (2%), H-4->L+4 (2%),  
H-2->L+2 (7%), H-2->L+4 (8%) 
24 41360.3968 241.777177534 0.0297 
H-4->L+2 (12%), H-2->L+2 (20%)  
H-3->L+2 (3%), H-1->L+4 (3%),  
HOMO->L+2 (3%) 
25 41987.90048 238.163849244 0.0224 
H-5->L+2 (4%), H-5->L+3 (4%), H-3->L+3 
(3%), H-2->L+2 (3%), H-2->L+3 (7%),  
H-2->L+4 (3%), H-1->L+3 (3%), H-1->L+4 
(5%), H-1->L+5 (4%), H-1->L+8 (4%), 
HOMO->L+3 (9%), HOMO->L+4 (4%) 
26 42194.37984 236.998387888 0.0042 
HOMO->L+3 (14%) H-22->LUMO 
(4%), H-7->L+1 (3%), H-5->L+3 (6%),  
H-3->L+3 (4%), H-2->L+2 (8%), H-2->L+3 
(9%), H-1->L+4 (4%) 
27 42272.61616 236.559761576 0.0263 
H-2->L+4 (11%) H-9->L+1 (2%),  
H-6->L+11 (2%), H-6->L+13 (2%),  
H-5->L+2 (4%), H-5->L+3 (2%), H-4->L+2 
(4%), H-1->L+5 (6%), H-1->L+7 (4%), 
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HOMO->L+3 (6%) 
28 42727.516 234.04122065 0.0113 
H-21->LUMO (3%), H-10->L+1 (2%),  
H-6->LUMO (2%), H-5->L+2 (5%),  
H-5->L+4 (3%), H-4->L+2 (5%), H-3->L+2 
(2%), H-2->L+7 (2%), H-1->L+7 (5%), 
HOMO->L+8 (4%), HOMO->L+9 (7%), 
HOMO->L+10 (5%) 
29 42850.91968 233.367219996 0.0042 
HOMO->L+7 (16%) H-10->L+1 (2%), 
H-5->L+2 (4%), H-5->L+4 (3%), H-4->L+2 
(4%), H-1->L+7 (3%), HOMO->L+5 (2%), 
HOMO->L+8 (5%), HOMO->L+9 (7%), 
HOMO->L+10 (6%) 
30 42954.96592 232.801953996 0.0236 
HOMO->L+6 (17%) H-15->LUMO 
(2%), H-3->L+3 (3%), H-3->L+5 (3%),  
H-3->L+6 (3%), H-2->L+3 (2%),  
HOMO->L+5 (8%), HOMO->L+8 (5%) 
31 43188.86832 231.541144489 0.0296 
H-22->LUMO (2%), H-21->LUMO (7%),  
H-21->L+1 (3%), H-14->LUMO (2%),  
H-14->L+2 (4%), H-14->L+7 (2%),  
H-13->L+2 (2%), H-12->LUMO (2%),  
H-6->LUMO (2%) 
32 43398.57392 230.422317988 0.0086 
H-1->L+3 (15%) H-17->L+3 (3%), H-15-
>L+3 (2%), H-14->L+3 (3%),  
H-13->L+3 (3%), H-5->L+4 (2%),  
H-2->L+4 (2%), H-1->L+4 (3%), H-1->L+5 
(3%), H-1->L+6 (2%), HOMO->L+6 (3%) 
33 43459.06592 230.101586132 0.0411 
H-22->L+1 (4%), H-13->LUMO (3%),  
H-10->LUMO (2%), H-5->L+2 (3%),  
H-4->L+5 (3%), H-2->L+3 (3%), H-1->L+5 
(3%), H-1->L+6 (2%), H-1->L+7 (5%), 
HOMO->L+2 (4%), HOMO->L+6 (4%), 
HOMO->L+8 (7%) 
34 43538.1088 229.683839643 0.0461 
H-22->LUMO (3%), H-6->L+1 (7%),  
H-5->L+2 (9%), H-5->L+4 (3%), H-4->L+4 
(3%), H-2->L+3 (2%), H-1->L+3 (3%),  
H-1->L+4 (2%), H-1->L+5 (7%),  
H-1->L+8 (2%), HOMO->L+3 (2%), 
 HOMO->L+5 (6%) 
35 43637.31568 229.161666894 0.0312 
H-17->L+3 (4%), H-13->L+7 (2%),  
H-4->L+2 (2%), H-2->L+3 (3%), H-2->L+6 
(2%), H-1->L+5 (3%), H-1->L+8 (2%), 
HOMO->L+4 (3%) 
36 43788.1424 228.372327573 0.0429 
H-22->L+1 (3%), H-21->L+1 (3%), H 
>L+12 (3%), H-6->L+1 (2%), H-5->L+4 
(2%), H-2->L+5 (4%), H-1->L+4 (7%), 
HOMO->L+7 (3%) 
37 43801.04736 228.305042978 0.0109 
H-23->LUMO (3%), H-22->L+1 (6%),  
H-21->LUMO (3%), H-11->L+1 (3%),  
H-2->L+7 (2%), H-2->L+9 (3%),  
H-1->L+9 (3%), HOMO->L+3 (2%), HOMO-
>L+4 (3%), HOMO->L+5 (2%), HOMO-
>L+6 (3%) 
38 43993.8152 227.304678045 0.0254 
H-1->L+5 (13%) H-21->LUMO (6%), H-6-
>LUMO (2%), H-4->L+3 (2%), H-3->L+2 
(2%), H-2->L+3 (5%), H-2->L+9 (3%), H-1-
>L+4 (3%), HOMO->L+5 (4%), HOMO-
>L+6 (5%) 
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39 44119.63856 226.656435238 0.0118 
H-2->L+3 (12%) H-21->LUMO (2%), H-6-
>LUMO (2%), H-6->L+1 (3%), H-4->L+3 
(3%), H-1->L+3 (9%), H-1->L+5 (4%), H-1-
>L+7 (2%), H-1->L+8 (3%), HOMO->L+3 
(3%), HOMO->L+5 (8%) 
40 44241.42912 226.032481294 0.1082 
H-7->LUMO (13%) H-23->L+1 (3%), 
H-22->LUMO (4%), H-21->LUMO (8%),  
H-21->L+1 (3%), H-11->LUMO (2%),  
H-3->L+3 (2%), H-1->L+5 (2%),  
HOMO->L+3 (2%), HOMO->L+5 (3%), 
HOMO->L+9 (2%) 
41 44289.01616 225.789617089 0.0085 
H-1->L+5 (10%) H-6->L+1 (3%),  
H-4->L+3 (3%), H-4->L+4 (5%),  
H-3->L+2 (2%), H-3->L+3 (7%),  
H-3->L+4 (7%), H-2->L+4 (4%),  
H-2->L+6 (4%), H-2->L+8 (3%),  
H-1->L+2 (2%), H-1->L+3 (2%),  
H-1->L+6 (3%), H-1->L+8 (3%),  
H-1->L+9 (2%), HOMO->L+4 (3%), HOMO-
>L+7 (2%) 
42 44353.54096 225.461142077 0.0622 
H-1->L+7 (12%) H-22->L+1 (2%), H-21-
>L+1 (5%), H-7->L+1 (2%),  
H-5->L+2 (5%), H-2->L+5 (3%), H-2->L+8 
(3%), H-2->L+9 (2%), H-1->L+5 (2%), 
H-1->L+6 (7%), H-1->L+10 (3%),  
HOMO->L+6 (3%), HOMO->L+8 (3%) 
43 44550.3416 224.465169982 0.0024 
H-22->L+1 (3%), H-21->L+1 (3%),  
H-6->L+1 (3%), H-5->L+3 (2%), H-4->L+3 
(3%), H-1->L+6 (8%), HOMO->L+2 (3%), 
HOMO->L+4 (2%), HOMO->L+5 (9%), 
HOMO->L+6 (6%), HOMO->L+7 (3%), 
HOMO->L+9 (2%) 
44 44587.44336 224.278389753 0.0236 
HOMO->L+7 (11%) H-21->LUMO 
(3%), H-5->L+2 (3%), H-3->L+4 (2%),  
H-2->L+2 (2%), H-2->L+3 (6%), H-2->L+9 
(3%), H-1->L+3 (2%), H-1->L+5 (4%),  
H-1->L+6 (8%), H-1->L+7 (3%),  
HOMO->L+2 (2%), HOMO->L+8 (4%) 
45 44737.46352 223.526306884 0.0001 
H-21->L+1 (4%), H-5->L+5 (2%),  
H-4->L+2 (6%), H-3->L+2 (8%), H-3->L+3 
(5%), H-2->L+2 (3%), H-2->L+5 (4%),  
H-2->L+6 (8%), H-1->L+6 (9%), H-1->L+8 
(3%), HOMO->L+2 (3%), HOMO->L+3 
(3%), HOMO->L+6 (4%) 
46 44943.13632 222.503385807 0.0119 
H-1->L+7 (11%) H-5->L+2 (7%),  
H-4->L+3 (3%), H-4->L+5 (3%),  
H-3->L+2 (2%), H-3->L+3 (5%),  
H-3->L+7 (3%), H-2->L+7 (4%),  
H-2->L+8 (4%), H-1->L+6 (4%),  
HOMO->L+3 (3%), HOMO->L+5 (5%), 
HOMO->L+8 (4%), HOMO->L+10 (2%) 
47 45076.21872 221.846469912 0.0075 
H-23->L+1 (3%), H-6->L+1 (3%),  
H-5->L+2 (8%), H-4->L+2 (2%), H-4->L+4 
(3%), H-4->L+8 (4%), H-3->L+2 (9%),  
H-3->L+7 (3%), H-2->L+4 (4%), H-2->L+5 
(4%), H-1->L+7 (6%), H-1->L+8 (3%), 
HOMO->L+5 (2%), HOMO->L+7 (5%), 
HOMO->L+8 (2%) 
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48 45181.07152 221.33162547 0.0636 
H-3->L+3 (11%), HOMO->L+6 (12%)  
H-23->LUMO (4%), H-10->LUMO (5%),  
H-7->LUMO (5%), H-6->L+1 (3%),  
H-4->L+3 (3%), H-2->L+2 (2%), H-1->L+7 
(4%), HOMO->L+3 (2%), HOMO->L+9 
(4%), HOMO->L+13 (2%) 
49 45311.73424 220.693384787 0.0974 
H-10->LUMO (7%), H-7->L+1 (2%),  
H-6->L+1 (5%), H-3->L+2 (2%), H-2->L+4 
(5%), H-2->L+5 (7%), H-2->L+7 (3%),  
H-1->L+5 (4%), H-1->L+13 (2%),  
HOMO->L+7 (4%), HOMO->L+9 (7%), 
HOMO->L+11 (2%) 
50 45375.45248 220.383477265 0.0219 
H-4->L+3 (12%) H-22->L+1 (5%), H-5->L+4 
(3%), H-5->L+7 (4%),  
H-3->L+3 (7%), H-3->L+4 (2%),  
H-3->L+7 (3%), H-2->L+6 (5%),  
H-1->L+4 (3%), H-1->L+8 (4%),  
HOMO->L+3 (3%), HOMO->L+7 (6%) 
51 45461.7544 219.965114237 0.0645 
H-2->L+5 (10%) H-10->LUMO (2%), H-6-
>L+1 (2%), H-4->L+4 (7%),  
H-4->L+5 (8%), H-3->L+5 (3%), H-3->L+7 
(9%), H-3->L+9 (2%), H-2->L+6 (5%),  
H-1->L+8 (2%), H-1->L+9 (4%),  
HOMO->L+10 (3%), HOMO->L+13 (2%) 
52 45518.2136 219.692277203 0.0191 
H-5->L+4 (3%), H-3->L+2 (9%), H-3->L+3 
(5%), H-3->L+7 (5%), H-2->L+2 (4%),  
H-2->L+5 (3%), H-2->L+6 (2%), H-2->L+7 
(5%), H-1->L+8 (2%), H-1->L+9 (3%), 
HOMO->L+4 (5%), HOMO->L+8 (7%), 
HOMO->L+9 (4%), HOMO->L+10 (6%) 
53 45651.296 219.051831519 0.0344 
HOMO->L+11 (16%) H-23->L+1 (2%), 
H-10->L+1 (3%), H-6->L+1 (2%),  
H-4->L+2 (4%), H-3->L+4 (9%),  
H-3->L+6 (4%), H-3->L+8 (3%),  
H-2->L+5 (5%), HOMO->L+2 (3%), HOMO-
>L+9 (7%), HOMO->L+13 (2%) 
54 45740.0176 218.626938176 0.0238 
H-4->L+2 (12%), H-2->L+4 (10%)  
H-4->L+4 (4%), H-4->L+7 (3%), H-3->L+3 
(4%), H-2->L+2 (7%), H-2->L+7 (6%),  
H-2->L+8 (3%), H-2->L+10 (3%),  
H-1->L+2 (2%), H-1->L+4 (3%), H-1->L+6 
(5%), H-1->L+10 (2%), H-1->L+12 (2%) 
55 45943.27072 217.659732172 0.0396 
H-3->L+4 (10%) H-10->L+1 (4%), H-7-
>LUMO (3%), H-5->L+3 (5%),  
H-5->L+4 (3%), H-5->L+9 (4%),  
H-4->L+2 (2%), H-4->L+7 (7%),  
H-2->L+6 (3%), H-2->L+7 (2%),  
H-2->L+8 (4%), H-1->L+10 (4%) 
56 45989.24464 217.442144968 0.013 
H-5->L+3 (8%), H-5->L+6 (4%), H-4->L+7 
(7%), H-2->L+3 (8%), H-2->L+6 (4%),  
H-1->L+3 (2%), H-1->L+8 (8%), H-1->L+9 
(3%), H-1->L+12 (4%), H-1->L+13 (2%), 
HOMO->L+11 (4%) 
57 46030.3792 217.247830103 0.1115 
H-23->L+1 (4%), H-10->L+1 (5%),  
H-6->L+1 (3%), H-5->L+4 (5%), H-5->L+5 
(3%), H-5->L+7 (3%), H-5->L+9 (3%),  
H-4->L+4 (2%), H-3->L+4 (4%), H-2->L+6 
(9%), H-2->L+8 (5%), H-1->L+6 (5%),  
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H-1->L+10 (9%), H-1->L+12 (4%) 
58 46144.10416 216.712409571 0.0666 
H-23->L+1 (5%), H-10->L+1 (6%),  
H-5->L+6 (3%), H-3->L+5 (7%), H-3->L+7 
(5%), H-2->L+7 (6%), H-1->L+8 (3%),  
H-1->L+9 (3%), HOMO->L+4 (4%), HOMO-
>L+6 (3%), HOMO->L+10 (7%), HOMO-
>L+11 (4%) 
59 46248.1504 216.224863341 0.0486 
H-1->L+9 (11%) H-6->L+1 (3%),  
H-5->L+3 (8%), H-4->L+4 (7%), H-3->L+2 
(6%), H-2->L+7 (3%), H-2->L+11 (2%),  
H-1->L+2 (2%), H-1->L+3 (2%),  
H-1->L+7 (3%), HOMO->L+4 (3%), HOMO-
>L+8 (2%) 
60 46376.39344 215.62694419 0.0571 
H-1->L+11 (11%) H-10->LUMO 
(4%), H-8->LUMO (2%), H-7->LUMO (3%), 
H-5->L+6 (5%), H-4->L+5 (5%),  
H-4->L+7 (2%), H-2->L+8 (3%), H-2->L+9 
(9%), H-2->L+11 (2%), H-1->L+10 (2%), 
HOMO->L+8 (3%), HOMO->L+9 (2%) 
 
 
Table S 20. GaussSum results for singlet-triplet transitions of Ir(triphos)Br3 (3
S6
) 
HOMO 
is 169 
     
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Major contribs Minor contribs 
1 21974.7272 455.068220369 0 
H-4->LUMO (13%), H-3->LUMO (39%),  
H-3->L+1 (10%), H-23->LUMO (3%),  
H-5->LUMO (2%), H-3->L+4 (3%),  
H-3->L+7 (2%), HOMO->L+1 (5%) 
2 22329.6136 447.835783419 0 
H-5->L+1 (13%), H-4->LUMO (20%),  
H-3->L+1 (12%), H-4->L+1 (6%),  
H-2->LUMO (7%), H-2->L+1 (3%),  
H-1->LUMO (3%), H-1->L+1 (3%), HOMO-
>LUMO (4%) 
3 22548.19136 443.494550864 0 
H-5->LUMO (27%), H-4->L+1 (11%)  
H-21->LUMO (2%), H-21->L+1 (2%),  
H-5->L+1 (9%), H-5->L+4 (2%),  
H-4->LUMO (9%), H-3->LUMO (3%),  
H-3->L+1 (4%), H-1->L+1 (6%) 
4 23474.12224 426.00101924 0 
H-5->L+1 (12%), H-4->L+1 (19%),  
HOMO->LUMO (29%) H-22->L+1 (2%), 
H-4->LUMO (7%), H-2->L+1 (3%),  
H-1->LUMO (2%) 
5 23933.86144 417.81807858 0 
H-5->L+1 (11%), H-3->LUMO (15%),  
H-3->L+1 (22%), H-21->LUMO (2%),  
H-4->LUMO (4%), H-2->LUMO (3%),  
H-1->LUMO (3%), H-1->L+1 (9%) 
6 24199.21968 413.236465152 0 
H-5->LUMO (28%), H-4->L+1 (12%),  
H-1->L+1 (10%), H-21->L+1 (2%),  
H-5->L+1 (5%), H-5->L+4 (2%),  
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H-3->L+1 (3%), H-2->L+1 (6%),  
HOMO->LUMO (3%) 
7 25476.00416 392.526235166 0 
H-3->L+1 (15%), HOMO->LUMO (24%)  
H-23->L+1 (2%), H-22->L+1 (3%),  
H-5->LUMO (4%), H-5->L+1 (7%),  
H-4->LUMO (5%), H-4->L+1 (3%),  
H-1->LUMO (6%), H-1->L+1 (5%), HOMO-
>L+1 (6%) 
8 26428.55152 378.37866341 0 
H-1->LUMO (31%), HOMO->L+1 (21%) 
H-5->L+1 (3%), H-3->LUMO (8%),  
H-2->LUMO (4%), H-2->L+1 (9%) 
9 26625.35216 375.581886764 0 
H-4->L+1 (15%), H-2->LUMO (10%),  
H-1->L+1 (25%), HOMO->LUMO (14%)  
H-5->L+1 (3%), H-1->LUMO (4%), HOMO-
>L+1 (5%) 
10 27391.58416 365.075635698 0 
H-8->L+13 (12%), H-6->L+10 (16%)  
H-18->L+10 (3%), H-8->L+11 (2%),  
H-7->L+13 (6%), H-6->L+1 (6%),  
H-6->L+2 (3%), H-6->L+9 (4%),  
H-1->LUMO (2%) 
 
 
 
 
  HOMO (169)    LUMO (170) 
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HOMO-1 (168)    LUMO+1 (171) 
 
HOMO-2 (167)    LUMO+2 (172) 
 
HOMO-3 (166)    LUMO+3 (173) 
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HOMO-4 (165)    LUMO+4 (174) 
 
HOMO-5 (164)    LUMO+5 (175) 
Figure S 22. HOMO’s/LUMO’s of Ir(triphos)Cl3 (1S6) 
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HOMO (169)    LUMO (170) 
 
HOMO-1 (168)    LUMO+1 (171) 
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   HOMO-2 (167)    LUMO+2 (172) 
 
HOMO-3 (166)    LUMO+3 (173) 
 
    HOMO-4 (165)    LUMO+4 (174) 
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HOMO-5 (164)    LUMO+5 (175) 
 
Figure S 23. HOMO’s/LUMO’s of Ir(triphos)Br3 (3S6) 
Figure S 24. Optimized DFT structures of 3 (hydrogen atoms and phenyl rings omitted). 
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Figure S 25. Optimized DFT structures of 1 (hydrogen atoms and phenyl rings omitted). 
 
Natural transition orbital details 
Natural transition orbital (NTO) sets are show below for the 1
S6
 and 3
S6
 compounds (isovalue 
= 0.04). The “destination” orbital is on the top and the “departure” orbital is on the bottom 
and  is the NTO eigenvalue for each set. The X, Y, and Z axes were arbitrarily chosen but 
are consistent for all drawings. (C and H atoms omitted.) 
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 LUMO (= 0.83)     LUMO+1 (= 0.17) 
Figure S 26. NTO sets for 1
st
 triplet excited state of 1
S6
 
    
    
    = 0.79       = 0.21 
Figure S 27. NTO sets of 2
nd
 singlet excited state of 1
S6
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 = 0.84          = 0.16 
 
Figure S 28. NTO sets of 2
nd
 triplet excited state of 1
S6
 
 
    
    
  = 0.91      = 0.9 
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Figure S 29. NTO sets of 3
rd
 singlet excited state of 1
S6
 
    
    
  = 0.98       = 0.2 
Figure S 30. NTO sets of 3
rd
 triplet excited state of 1
S6
 
 
    
   
  = 0.82      = 0.18 
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Figure S 31. NTO sets of 4
th
 singlet excited state of 1
S6
 
 
    
    
  = 0.70      = 0.30 
Figure S 32. NTO sets of 4
th
 triplet excited state of 1
S6
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  = 0.91      = 0.9 
Figure S 33. NTO sets of 1
st
 singlet excited state of 3
S6
 
 
     
     
  = 0.92      = 0.8 
Figure S 34. NTO sets of 1
st
 triplet excited state of 3
S6
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  = 0.92       = 0.7 
Figure S 35. NTO sets of 2
nd
 singlet excited state of 3
S6
 
 
    
    
   = 0.86       = 0.13 
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Figure S 36. NTO sets of  2
nd
 triplet excited state of 3
S6
 
 
    
    
  = 0.57      = 0.38 
Figure S 37. NTO sets of 3
rd
 singlet excited state of 3
S6
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  = 0.93      = 0.7 
Figure S 38. NTO sets of 3
rd
 triplet excited state of 3
S6
 
 
         
    
  = 0.63      = 0.33 
Figure S 39. NTO sets of 4
th
 singlet excited state of 3
S6 
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  = 0.58      = 0.41 
Figure S 40. NTO sets of 4
th
 triplet excited state of 3
S6
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X-ray Crystal Structure Figure for 4 
 
 
Figure S 41. Solid-state structure of Ir(triphos)(H)Br2 4 (50% thermal ellipsoids, hydrogen 
atoms omitted and carbon atoms unlabelled). Late stage electron density difference maps did 
not reveal the hydride ligand, although it presumably occupies the sixth position of an 
octahedral configuration about the Ir center. 
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NMR and UV/VIS spectra: 
 
Figure S 1. Uv-vis spectra for Ir(PNP)Cl3  12 (---black) and Ir(PNN)Cl3 13 (red) in 
dichloromethane. 
 
 
Figure S 2. 
31
P NMR (CDCl3, 101 MHz) of Ir(PNN)Cl3 
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Figure S 3. 
1
H NMR (CDCl3, 300 MHz) of Ir(PNN)Cl3
 
 
Computational results: 
 
Gas Phase: 
Table S1. Coordinates of 12
S
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.000040   -0.363400    0.000012 
      2         15           0        2.437445   -0.087767    0.119303 
      3         15           0       -2.437418   -0.087851   -0.119261 
      4          6           0       -1.085353    2.359006   -0.494140 
      5          6           0        1.085296    2.359118    0.493889 
      6          6           0       -1.096334    3.757981   -0.499379 
      7          6           0        1.096133    3.758099    0.499116 
      8          6           0       -0.000141    4.466905   -0.000125 
      9          1           0       -1.964867    4.273041   -0.896180 
     10          1           0        1.964623    4.273251    0.895889 
     11          1           0       -0.000201    5.551753   -0.000123 
     12          7           0       -0.000002    1.679587   -0.000097 
     13          6           0       -2.259674    1.580457   -1.024277 
     14          1           0       -3.173117    2.185735   -0.981893 
     15          1           0       -2.060274    1.305999   -2.070089 
     16          6           0        2.259770    1.580745    1.023960 
     17          1           0        2.060656    1.306577    2.069894 
     18          1           0        3.173168    2.186072    0.981199 
     19          6           0       -3.461687    0.395600    1.475355 
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     20          6           0       -3.436293   -0.761010    2.492335 
     21          6           0       -2.823928    1.649412    2.108947 
     22          6           0       -4.921534    0.760632    1.150087 
     23          1           0       -3.992050   -1.636854    2.143576 
     24          1           0       -2.413223   -1.067437    2.730376 
     25          1           0       -3.913298   -0.411236    3.420127 
     26          1           0       -2.960870    2.540516    1.481270 
     27          1           0       -3.342551    1.840028    3.059812 
     28          1           0       -1.761812    1.511084    2.333558 
     29          1           0       -5.379948    1.143168    2.073834 
     30          1           0       -4.997832    1.553964    0.393902 
     31          1           0       -5.517153   -0.098625    0.825535 
     32          6           0       -3.547674   -1.217527   -1.263515 
     33          6           0       -2.702316   -1.888768   -2.358189 
     34          6           0       -4.141718   -2.341505   -0.395606 
     35          6           0       -4.656772   -0.405888   -1.956557 
     36          1           0       -2.323467   -1.170987   -3.090243 
     37          1           0       -1.844219   -2.432000   -1.947284 
     38          1           0       -3.356711   -2.603203   -2.880512 
     39          1           0       -4.881142   -1.982212    0.327261 
     40          1           0       -4.649936   -3.052602   -1.061442 
     41          1           0       -3.352308   -2.888170    0.136959 
     42          1           0       -5.215880   -1.092837   -2.608186 
     43          1           0       -5.368925    0.048154   -1.262541 
     44          1           0       -4.239010    0.380172   -2.598716 
     45          6           0        3.547651   -1.217319    1.263797 
     46          6           0        2.702387   -1.888426    2.358594 
     47          6           0        4.141684   -2.341469    0.396096 
     48          6           0        4.656751   -0.405591    1.956712 
     49          1           0        2.323610   -1.170576    3.090614 
     50          1           0        1.844268   -2.431697    1.947795 
     51          1           0        3.356821   -2.602819    2.880933 
     52          1           0        4.881395   -1.982387   -0.326579 
     53          1           0        4.649583   -3.052638    1.062098 
     54          1           0        3.352305   -2.888016   -0.136630 
     55          1           0        5.215992   -1.092479    2.608293 
     56          1           0        5.368786    0.048510    1.262617 
     57          1           0        4.238981    0.380436    2.598908 
     58          6           0        3.461669    0.395427   -1.475473 
     59          6           0        3.436165   -0.761285   -2.492345 
     60          6           0        2.823684    1.649071   -2.109161 
     61          6           0        4.921527    0.760634   -1.150510 
     62          1           0        3.992479   -1.636868   -2.143845 
     63          1           0        2.413080   -1.068133   -2.729784 
     64          1           0        3.912480   -0.411394   -3.420447 
     65          1           0        2.960245    2.540229   -1.481479 
     66          1           0        3.342404    1.839873   -3.059936 
     67          1           0        1.761656    1.510423   -2.333991 
     68          1           0        5.379771    1.142898   -2.074456 
     69          1           0        4.997902    1.554220   -0.394604 
     70          1           0        5.517238   -0.098488   -0.825777 
     71         17           0       -0.037745   -0.265659    2.469481 
     72         17           0        0.037826   -0.266155   -2.469501 
     73         17           0        0.000043   -2.812379    0.000121 
 --------------------------------------------------------------------- 
 
Table S2. Energies for singlet 12
S
 
Zero-point correction=                           0.631670(Hartree/Particle) 
Thermal correction to Energy=                    0.669137 
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Thermal correction to Enthalpy=                  0.670081 
Thermal correction to Gibbs Free Energy=         0.568565 
Sum of electronic and zero-point Energies=          -1118.224785 
Sum of electronic and thermal Energies=             -1118.187319 
Sum of electronic and thermal Enthalpies=           -1118.186374 
Sum of electronic and thermal Free Energies=        -1118.287890 
 
Table S3. Coordinates for triplet 12
T
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.000054   -0.392171    0.000058 
      2         15           0        2.448487   -0.107949    0.116564 
      3         15           0       -2.448518   -0.108074   -0.116451 
      4          6           0       -1.110924    2.363734   -0.440631 
      5          6           0        1.110833    2.363881    0.440193 
      6          6           0       -1.125014    3.762567   -0.436920 
      7          6           0        1.124851    3.762711    0.436204 
      8          6           0       -0.000101    4.467804   -0.000427 
      9          1           0       -2.012330    4.279943   -0.785382 
     10          1           0        2.012138    4.280205    0.784566 
     11          1           0       -0.000129    5.552795   -0.000533 
     12          7           0       -0.000030    1.690844   -0.000155 
     13          6           0       -2.289386    1.589575   -0.963757 
     14          1           0       -3.206724    2.185135   -0.892320 
     15          1           0       -2.088922    1.351144   -2.019787 
     16          6           0        2.289335    1.589896    0.963489 
     17          1           0        2.088919    1.351736    2.019585 
     18          1           0        3.206650    2.185468    0.891862 
     19          6           0       -3.486485    0.292586    1.488315 
     20          6           0       -3.320817   -0.862432    2.492923 
     21          6           0       -2.947968    1.597882    2.105750 
     22          6           0       -4.980351    0.528176    1.198772 
     23          1           0       -3.775107   -1.793492    2.137148 
     24          1           0       -2.263962   -1.044903    2.717167 
     25          1           0       -3.822245   -0.579788    3.430331 
     26          1           0       -3.161972    2.468884    1.470970 
     27          1           0       -3.470226    1.752928    3.061087 
     28          1           0       -1.877278    1.544099    2.324966 
     29          1           0       -5.450439    0.840761    2.142600 
     30          1           0       -5.144562    1.334582    0.470617 
     31          1           0       -5.504411   -0.369876    0.856532 
     32          6           0       -3.512428   -1.239764   -1.293738 
     33          6           0       -2.640286   -1.846948   -2.404661 
     34          6           0       -4.064979   -2.410040   -0.459243 
     35          6           0       -4.645316   -0.445231   -1.966964 
     36          1           0       -2.236050   -1.091464   -3.083128 
     37          1           0       -1.795816   -2.417161   -2.002117 
     38          1           0       -3.279725   -2.532832   -2.981142 
     39          1           0       -4.802122   -2.099540    0.287876 
     40          1           0       -4.561608   -3.110937   -1.144371 
     41          1           0       -3.253744   -2.952954    0.043710 
     42          1           0       -5.187158   -1.130498   -2.634507 
     43          1           0       -5.367982   -0.026509   -1.261907 
     44          1           0       -4.246979    0.365945   -2.589812 
     45          6           0        3.512424   -1.239437    1.294018 
     46          6           0        2.640352   -1.846545    2.405034 
     47          6           0        4.065048   -2.409797    0.459688 
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     48          6           0        4.645249   -0.444701    1.967111 
     49          1           0        2.236023   -1.091010    3.083383 
     50          1           0        1.795960   -2.416928    2.002568 
     51          1           0        3.279876   -2.532264    2.981618 
     52          1           0        4.802367   -2.099402   -0.287304 
     53          1           0        4.561490   -3.110694    1.144952 
     54          1           0        3.253862   -2.952670   -0.043385 
     55          1           0        5.187337   -1.129878    2.634547 
     56          1           0        5.367722   -0.025782    1.261972 
     57          1           0        4.246810    0.366361    2.590041 
     58          6           0        3.486331    0.292380   -1.488345 
     59          6           0        3.320651   -0.862924   -2.492620 
     60          6           0        2.947632    1.597452   -2.106093 
     61          6           0        4.980204    0.528174   -1.198978 
     62          1           0        3.775430   -1.793738   -2.136828 
     63          1           0        2.263764   -1.045829   -2.716356 
     64          1           0        3.821556   -0.580319   -3.430317 
     65          1           0        3.161486    2.468635   -1.471515 
     66          1           0        3.469898    1.752352   -3.061450 
     67          1           0        1.876953    1.543458   -2.325339 
     68          1           0        5.450221    0.840390   -2.142963 
     69          1           0        5.144411    1.334899   -0.471175 
     70          1           0        5.504331   -0.369705   -0.856389 
     71         17           0        0.017237    0.081870    2.721313 
     72         17           0       -0.017162    0.081230   -2.721354 
     73         17           0        0.000257   -2.790979    0.000049 
 --------------------------------------------------------------------- 
 
Table S4. Energies for triplet 12
T
 
Zero-point correction=                           0.628967(Hartree/Particle) 
Thermal correction to Energy=                    0.667692 
Thermal correction to Enthalpy=                  0.668636 
Thermal correction to Gibbs Free Energy=         0.561802 
Sum of electronic and zero-point Energies=          -1118.172223 
Sum of electronic and thermal Energies=             -1118.133498 
Sum of electronic and thermal Enthalpies=           -1118.132554 
Sum of electronic and thermal Free Energies=        -1118.239387 
 
Table S5. Coordinates for singlet Ir(PNP)Cl 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.000013    0.283458   -0.000042 
      2         15           0       -2.337761    0.078063    0.086986 
      3         15           0        2.337767    0.078040   -0.086997 
      4          6           0        1.144728   -2.453758   -0.315178 
      5          6           0       -1.144774   -2.453673    0.315645 
      6          6           0        1.157811   -3.849295   -0.300725 
      7          6           0       -1.157992   -3.849202    0.301129 
      8          6           0       -0.000130   -4.574446    0.000156 
      9          1           0        2.085057   -4.357323   -0.549428 
     10          1           0       -2.085272   -4.357156    0.549854 
     11          1           0       -0.000188   -5.658801    0.000102 
     12          7           0       -0.000009   -1.726580    0.000169 
     13          6           0        2.382153   -1.705722   -0.727261 
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     14          1           0        3.286913   -2.256392   -0.439667 
     15          1           0        2.388854   -1.608342   -1.823152 
     16          6           0       -2.382034   -1.705478    0.727876 
     17          1           0       -2.388299   -1.607621    1.823730 
     18          1           0       -3.286918   -2.256209    0.440825 
     19          6           0        3.222288    0.033881    1.626258 
     20          6           0        2.896269    1.346557    2.360437 
     21          6           0        2.580675   -1.126174    2.410321 
     22          6           0        4.738506   -0.180742    1.552811 
     23          1           0        3.323242    2.223964    1.862023 
     24          1           0        1.810618    1.496549    2.425033 
     25          1           0        3.309614    1.295603    3.378964 
     26          1           0        2.819179   -2.106973    1.976344 
     27          1           0        2.967968   -1.110846    3.439438 
     28          1           0        1.487908   -1.015981    2.448063 
     29          1           0        5.130643   -0.288184    2.575337 
     30          1           0        5.004770   -1.092421    0.999404 
     31          1           0        5.252003    0.671291    1.090990 
     32          6           0        3.351906    1.050511   -1.408957 
     33          6           0        2.423924    1.197544   -2.630123 
     34          6           0        3.666489    2.455771   -0.869518 
     35          6           0        4.646396    0.339044   -1.832753 
     36          1           0        2.116234    0.227283   -3.044684 
     37          1           0        1.517485    1.757364   -2.368948 
     38          1           0        2.965736    1.743423   -3.416989 
     39          1           0        4.391211    2.428730   -0.045001 
     40          1           0        4.108708    3.052841   -1.680643 
     41          1           0        2.752077    2.961619   -0.530592 
     42          1           0        5.130727    0.938243   -2.618347 
     43          1           0        5.359439    0.236157   -1.007492 
     44          1           0        4.455648   -0.656381   -2.254761 
     45          6           0       -3.351651    1.051034    1.408785 
     46          6           0       -2.423402    1.198741    2.629665 
     47          6           0       -3.666465    2.456005    0.868712 
     48          6           0       -4.645974    0.339663    1.833242 
     49          1           0       -2.115665    0.228704    3.044714 
     50          1           0       -1.517029    1.758466    2.368062 
     51          1           0       -2.965065    1.745051    3.416347 
     52          1           0       -4.391379    2.428485    0.044376 
     53          1           0       -4.108534    3.053455    1.679633 
     54          1           0       -2.752152    2.961722    0.529306 
     55          1           0       -5.130145    0.939179    2.618690 
     56          1           0       -5.359192    0.236353    1.008177 
     57          1           0       -4.455075   -0.655560    2.255664 
     58          6           0       -3.222565    0.033473   -1.626100 
     59          6           0       -2.896345    1.345812   -2.360798 
     60          6           0       -2.581405   -1.126986   -2.409951 
     61          6           0       -4.738818   -0.180798   -1.552298 
     62          1           0       -3.322935    2.223563   -1.862669 
     63          1           0       -1.810657    1.495437   -2.425628 
     64          1           0       -3.309873    1.294603   -3.379238 
     65          1           0       -2.820389   -2.107613   -1.975860 
     66          1           0       -2.968647   -1.111626   -3.439088 
     67          1           0       -1.488594   -1.017301   -2.447705 
     68          1           0       -5.131181   -0.288395   -2.574721 
     69          1           0       -5.005165   -1.092279   -0.998606 
     70          1           0       -5.252055    0.671444   -1.090575 
     71         17           0        0.000106    2.743739   -0.000429 
 --------------------------------------------------------------------- 
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Table S6. Energie for singlet Ir(PNP)Cl 
Zero-point correction=                           0.623530(Hartree/Particle) 
Thermal correction to Energy=                    0.658939 
Thermal correction to Enthalpy=                  0.659883 
Thermal correction to Gibbs Free Energy=         0.559651 
Sum of electronic and zero-point Energies=          -1088.291901 
Sum of electronic and thermal Energies=             -1088.256492 
Sum of electronic and thermal Enthalpies=           -1088.255548 
Sum of electronic and thermal Free Energies=        -1088.355780 
 
Table S7. Coordinates for doublet [cis-Ir(PNP)Cl2] (16
D
)
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.003894   -0.306394    0.130058 
      2         15           0        2.364030   -0.069797   -0.027597 
      3         15           0       -2.357233   -0.140803   -0.206270 
      4          6           0       -1.125909    2.355418   -0.682033 
      5          6           0        1.129207    2.454035    0.054097 
      6          6           0       -1.172397    3.748424   -0.782369 
      7          6           0        1.117280    3.847696   -0.063059 
      8          6           0       -0.044396    4.511012   -0.465015 
      9          1           0       -2.090520    4.217202   -1.121644 
     10          1           0        2.020050    4.397812    0.181695 
     11          1           0       -0.068052    5.592997   -0.537807 
     12          7           0        0.005575    1.713040   -0.234350 
     13          6           0       -2.293514    1.520671   -1.124668 
     14          1           0       -3.230803    2.085478   -1.057306 
     15          1           0       -2.143608    1.256417   -2.182770 
     16          6           0        2.380538    1.750670    0.504374 
     17          1           0        2.367401    1.700839    1.604269 
     18          1           0        3.273215    2.301983    0.182207 
     19          6           0       -3.587650    0.110822    1.256462 
     20          6           0       -3.329432   -1.019342    2.269514 
     21          6           0       -3.258819    1.464377    1.913978 
     22          6           0       -5.060132    0.121049    0.824993 
     23          1           0       -3.550414   -2.010003    1.852434 
     24          1           0       -2.286884   -1.009743    2.610708 
     25          1           0       -3.981554   -0.862336    3.141261 
     26          1           0       -3.483354    2.312738    1.251517 
     27          1           0       -3.891992    1.567620    2.807256 
     28          1           0       -2.211702    1.514584    2.238159 
     29          1           0       -5.671447    0.365686    1.705999 
     30          1           0       -5.265036    0.882268    0.058933 
     31          1           0       -5.394451   -0.855299    0.455202 
     32          6           0       -3.061616   -1.339127   -1.550375 
     33          6           0       -1.917038   -1.613213   -2.545701 
     34          6           0       -3.443198   -2.668506   -0.876288 
     35          6           0       -4.262536   -0.767064   -2.322220 
     36          1           0       -1.542807   -0.696298   -3.025995 
     37          1           0       -1.076812   -2.116154   -2.050429 
     38          1           0       -2.298295   -2.272658   -3.339342 
     39          1           0       -4.327865   -2.569521   -0.234057 
     40          1           0       -3.682717   -3.403150   -1.658945 
     41          1           0       -2.609141   -3.064632   -0.281966 
     42          1           0       -4.541919   -1.489450   -3.103472 
     43          1           0       -5.140636   -0.613280   -1.688159 
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     44          1           0       -4.026435    0.179343   -2.826403 
     45          6           0        3.646148   -0.945193    1.116744 
     46          6           0        2.986433   -1.146522    2.491370 
     47          6           0        3.970590   -2.332120    0.536733 
     48          6           0        4.928012   -0.114394    1.292608 
     49          1           0        2.721925   -0.202028    2.978956 
     50          1           0        2.066833   -1.737352    2.417652 
     51          1           0        3.704652   -1.680641    3.131770 
     52          1           0        4.534145   -2.277673   -0.403414 
     53          1           0        4.592558   -2.870960    1.265476 
     54          1           0        3.053426   -2.915067    0.379294 
     55          1           0        5.590760   -0.652598    1.985825 
     56          1           0        5.475489    0.035441    0.355946 
     57          1           0        4.718454    0.865755    1.739822 
     58          6           0        2.941972   -0.093253   -1.875801 
     59          6           0        2.548373   -1.451990   -2.483277 
     60          6           0        2.167242    1.003884   -2.630258 
     61          6           0        4.443709    0.163477   -2.060692 
     62          1           0        3.053494   -2.295041   -2.000672 
     63          1           0        1.465881   -1.620484   -2.398750 
     64          1           0        2.819820   -1.454295   -3.549403 
     65          1           0        2.428246    2.013075   -2.282060 
     66          1           0        2.426961    0.938189   -3.696532 
     67          1           0        1.080494    0.866933   -2.533183 
     68          1           0        4.659215    0.224582   -3.137760 
     69          1           0        4.759842    1.112130   -1.605035 
     70          1           0        5.057754   -0.645568   -1.649352 
     71         17           0        0.052847    0.525208    2.656497 
     72         17           0        0.064083   -2.744126    0.423464 
 --------------------------------------------------------------------- 
 
Table S8. Energies for doublet [cis-Ir(PNP)Cl2] (16
D
) 
Zero-point correction=                           0.627281 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.663882 
 Thermal correction to Enthalpy=                  0.664826 
 Thermal correction to Gibbs Free Energy=         0.563642 
 Sum of electronic and zero-point Energies=          -1103.250072 
 Sum of electronic and thermal Energies=             -1103.213471 
 Sum of electronic and thermal Enthalpies=           -1103.212527 
 Sum of electronic and thermal Free Energies=        -1103.313711 
 
Table S9. Coordinates of 13
S
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.478384   -0.344432    0.060201 
      2         15           0        1.880401    0.030221   -0.104507 
      3          6           0       -1.805935    2.236519    0.039045 
      4          6           0        0.427403    2.363559   -0.763915 
      5          6           0       -2.016140    3.588864   -0.224911 
      6          6           0        0.263290    3.730878   -1.015629 
      7          6           0       -0.962865    4.349436   -0.749315 
      8          1           0       -2.984998    4.030725   -0.017888 
      9          1           0        1.092180    4.290060   -1.436903 
     10          1           0       -1.098823    5.405499   -0.956365 
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     11          7           0       -0.604855    1.652216   -0.219169 
     12         17           0       -0.639330   -0.210034    2.526997 
     13         17           0       -0.158617   -2.772537    0.210741 
     14         17           0       -0.539289   -0.376149   -2.417748 
     15          6           0        1.698651    1.638047   -1.113226 
     16          1           0        2.569766    2.297043   -1.015108 
     17          1           0        1.623510    1.308778   -2.159384 
     18          6           0       -2.811254    1.342719    0.696826 
     19          1           0       -3.831559    1.735223    0.568901 
     20          1           0       -2.568686    1.324324    1.767269 
     21          7           0       -2.736348   -0.088097    0.207909 
     22          6           0       -3.424346   -0.127309   -1.141381 
     23          1           0       -4.426298    0.318608   -1.004018 
     24          1           0       -2.847105    0.519400   -1.810326 
     25          6           0       -3.536731   -0.900657    1.221689 
     26          1           0       -4.599474   -0.689088    1.004371 
     27          1           0       -3.303073   -0.484598    2.206771 
     28          6           0        2.781212    0.632247    1.513090 
     29          6           0        3.079403   -1.108751   -1.138474 
     30          6           0        4.195362   -0.276610   -1.798739 
     31          1           0        4.842796    0.239120   -1.084882 
     32          1           0        4.824142   -0.967570   -2.378322 
     33          1           0        3.790315    0.459597   -2.505059 
     34          6           0        2.320706   -1.844132   -2.255620 
     35          1           0        3.045859   -2.506066   -2.753024 
     36          1           0        1.498631   -2.452157   -1.863837 
     37          1           0        1.905426   -1.161710   -3.003087 
     38          6           0        3.671571   -2.174019   -0.198582 
     39          1           0        2.878332   -2.723677    0.324517 
     40          1           0        4.230050   -2.893847   -0.812895 
     41          1           0        4.369554   -1.756286    0.535499 
     42          6           0        2.757692   -0.480122    2.578462 
     43          1           0        3.448570   -1.293393    2.336926 
     44          1           0        3.076126   -0.044014    3.536554 
     45          1           0        1.756757   -0.899608    2.716228 
     46          6           0        2.032027    1.875038    2.035159 
     47          1           0        2.142214    2.734473    1.358852 
     48          1           0        0.969867    1.678402    2.212356 
     49          1           0        2.482919    2.156950    2.997154 
     50          6           0        4.239067    1.055436    1.258572 
     51          1           0        4.326010    1.833758    0.488085 
     52          1           0        4.628620    1.476652    2.196653 
     53          1           0        4.883009    0.212008    0.987530 
     54          6           0       -3.283693   -2.398287    1.306737 
     55          1           0       -2.265981   -2.595606    1.649743 
     56          1           0       -3.988405   -2.811707    2.039606 
     57          1           0       -3.420192   -2.927886    0.363096 
     58          6           0       -3.551660   -1.510317   -1.765247 
     59          1           0       -4.364574   -2.090427   -1.315578 
     60          1           0       -3.763970   -1.394566   -2.833568 
     61          1           0       -2.613081   -2.066281   -1.675968 
 --------------------------------------------------------------------- 
 
Table S10. Energies of 13
S 
Zero-point correction=                           0.525325 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.556527 
 Thermal correction to Enthalpy=                  0.557472 
 Thermal correction to Gibbs Free Energy=         0.467438 
 Sum of electronic and zero-point Energies=          -1009.435186 
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 Sum of electronic and thermal Energies=             -1009.403984 
 Sum of electronic and thermal Enthalpies=           -1009.403039 
 Sum of electronic and thermal Free Energies=        -1009.493073 
 
Table S11. Coordinates of 13
T 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.461610   -0.386077    0.080446 
      2         15           0        1.903836    0.033700   -0.086592 
      3          6           0       -1.834879    2.185997   -0.035652 
      4          6           0        0.440018    2.368813   -0.713504 
      5          6           0       -2.054503    3.538474   -0.298638 
      6          6           0        0.267853    3.735884   -0.950745 
      7          6           0       -0.985896    4.323623   -0.745932 
      8          1           0       -3.041829    3.960796   -0.146836 
      9          1           0        1.105716    4.317271   -1.319956 
     10          1           0       -1.131058    5.379834   -0.946761 
     11          7           0       -0.607238    1.636369   -0.231584 
     12         17           0       -0.803976    0.110450    2.739439 
     13         17           0       -0.132992   -2.762096    0.208430 
     14         17           0       -0.556927   -0.092786   -2.714011 
     15          6           0        1.716298    1.657540   -1.058339 
     16          1           0        2.585759    2.316009   -0.950460 
     17          1           0        1.628896    1.343219   -2.110230 
     18          6           0       -2.871576    1.290805    0.568904 
     19          1           0       -3.883172    1.650726    0.328221 
     20          1           0       -2.727515    1.338114    1.655947 
     21          7           0       -2.730928   -0.163919    0.172585 
     22          6           0       -3.381553   -0.298264   -1.191295 
     23          1           0       -4.415047    0.080260   -1.089899 
     24          1           0       -2.828303    0.359367   -1.870434 
     25          6           0       -3.529143   -0.947867    1.208133 
     26          1           0       -4.591284   -0.814445    0.935793 
     27          1           0       -3.358173   -0.458569    2.171873 
     28          6           0        2.790170    0.571516    1.554384 
     29          6           0        3.074404   -1.091897   -1.158006 
     30          6           0        4.206980   -0.259140   -1.787384 
     31          1           0        4.857333    0.224850   -1.053728 
     32          1           0        4.829419   -0.940000   -2.385329 
     33          1           0        3.815029    0.503915   -2.472022 
     34          6           0        2.286442   -1.757943   -2.298322 
     35          1           0        2.998426   -2.379288   -2.862163 
     36          1           0        1.484855   -2.401898   -1.921590 
     37          1           0        1.829579   -1.036409   -2.982498 
     38          6           0        3.642340   -2.208025   -0.263418 
     39          1           0        2.837254   -2.776194    0.220403 
     40          1           0        4.202680   -2.902034   -0.905251 
     41          1           0        4.331681   -1.836547    0.502641 
     42          6           0        2.640297   -0.554076    2.593535 
     43          1           0        3.168561   -1.466340    2.296389 
     44          1           0        3.074124   -0.206334    3.542343 
     45          1           0        1.586948   -0.795410    2.774310 
     46          6           0        2.097173    1.848756    2.068617 
     47          1           0        2.292636    2.710880    1.414998 
     48          1           0        1.017997    1.713552    2.198849 
     49          1           0        2.517853    2.082030    3.056886 
     50          6           0        4.279020    0.905611    1.357600 
     51          1           0        4.441634    1.684678    0.600073 
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     52          1           0        4.657036    1.296499    2.313251 
     53          1           0        4.884415    0.029512    1.102059 
     54          6           0       -3.198641   -2.420405    1.399563 
     55          1           0       -2.213733   -2.532672    1.857467 
     56          1           0       -3.945648   -2.844195    2.082413 
     57          1           0       -3.207163   -3.001724    0.476630 
     58          6           0       -3.395739   -1.703020   -1.772966 
     59          1           0       -4.137202   -2.347583   -1.288734 
     60          1           0       -3.645468   -1.632319   -2.836978 
     61          1           0       -2.406795   -2.167204   -1.704910 
 --------------------------------------------------------------------- 
 
Table S12. Energies of 13
T 
Zero-point correction=                           0.524343 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.556060 
 Thermal correction to Enthalpy=                  0.557004 
 Thermal correction to Gibbs Free Energy=         0.464585 
 Sum of electronic and zero-point Energies=          -1009.381478 
 Sum of electronic and thermal Energies=             -1009.349761 
 Sum of electronic and thermal Enthalpies=           -1009.348816 
 Sum of electronic and thermal Free Energies=        -1009.441235 
 
Table S13. Coordinates for doubled [cis-Ir(PNN)Cl2] 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.476104   -0.355326    0.066217 
      2         15           0        1.826075    0.052020   -0.179938 
      3          6           0       -1.924924    2.120147   -0.216259 
      4          6           0        0.345113    2.356925   -0.885829 
      5          6           0       -2.170318    3.469312   -0.460042 
      6          6           0        0.142922    3.722752   -1.105237 
      7          6           0       -1.120588    4.289518   -0.895410 
      8          1           0       -3.164576    3.869293   -0.289188 
      9          1           0        0.975662    4.326960   -1.450907 
     10          1           0       -1.284367    5.347149   -1.071201 
     11          7           0       -0.685880    1.577199   -0.424441 
     12         17           0       -0.787708    0.329367    2.625735 
     13         17           0       -0.206115   -2.761908    0.485938 
     14          6           0        1.650493    1.674576   -1.178853 
     15          1           0        2.499176    2.353690   -1.034395 
     16          1           0        1.654546    1.364517   -2.234740 
     17          6           0       -2.937561    1.175329    0.358436 
     18          1           0       -3.963287    1.477798    0.092146 
     19          1           0       -2.822311    1.185766    1.452050 
     20          7           0       -2.679947   -0.247425   -0.078906 
     21          6           0       -3.153385   -0.390941   -1.507183 
     22          1           0       -4.242151   -0.565675   -1.485738 
     23          1           0       -2.994945    0.581048   -1.994038 
     24          6           0       -3.475397   -1.118296    0.875810 
     25          1           0       -4.463993   -0.637453    0.996118 
     26          1           0       -2.944206   -1.063756    1.833403 
     27          6           0        2.893981    0.514790    1.358266 
     28          6           0        2.775820   -1.101258   -1.407357 
     29          6           0        3.933249   -0.396254   -2.135172 
     30          1           0        4.717889   -0.055617   -1.452980 
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     31          1           0        4.388031   -1.116688   -2.830785 
     32          1           0        3.594617    0.460344   -2.732843 
     33          6           0        1.746155   -1.577653   -2.448671 
     34          1           0        2.263852   -2.201867   -3.191656 
     35          1           0        0.959861   -2.178917   -1.974497 
     36          1           0        1.273317   -0.741522   -2.985582 
     37          6           0        3.298804   -2.328461   -0.641617 
     38          1           0        2.490036   -2.825614   -0.090400 
     39          1           0        3.709605   -3.045380   -1.367325 
     40          1           0        4.102150   -2.065727    0.058172 
     41          6           0        2.726175   -0.602088    2.403688 
     42          1           0        3.112838   -1.565286    2.051148 
     43          1           0        3.288160   -0.318339    3.305820 
     44          1           0        1.672454   -0.730181    2.680263 
     45          6           0        2.328254    1.829662    1.926901 
     46          1           0        2.492866    2.679706    1.249082 
     47          1           0        1.259805    1.743316    2.161643 
     48          1           0        2.857883    2.048371    2.865357 
     49          6           0        4.377944    0.720998    1.022915 
     50          1           0        4.530025    1.484623    0.246536 
     51          1           0        4.886874    1.069461    1.933296 
     52          1           0        4.868111   -0.207590    0.706402 
     53          6           0       -3.672207   -2.569950    0.464311 
     54          1           0       -2.711001   -3.079613    0.349139 
     55          1           0       -4.225109   -3.073267    1.265423 
     56          1           0       -4.262171   -2.671884   -0.454604 
     57          6           0       -2.438147   -1.463176   -2.322477 
     58          1           0       -2.493392   -2.451034   -1.860577 
     59          1           0       -2.885499   -1.515974   -3.322552 
     60          1           0       -1.374373   -1.211695   -2.433974 
 --------------------------------------------------------------------- 
Table S14. Energies for doubled [cis-Ir(PNN)Cl2] 
Zero-point correction=                           0.521727 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.551565 
 Thermal correction to Enthalpy=                  0.552509 
 Thermal correction to Gibbs Free Energy=         0.464608 
 Sum of electronic and zero-point Energies=           -994.457263 
 Sum of electronic and thermal Energies=              -994.427425 
 Sum of electronic and thermal Enthalpies=            -994.426481 
 Sum of electronic and thermal Free Energies=         -994.514382 
 
Table S15. Coordinates for singlet [cis-Ir(PNN)Cl2]
+
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.535242   -0.381155    0.064031 
      2         15           0        1.812281    0.085275   -0.167509 
      3          6           0       -2.032867    2.093959   -0.173458 
      4          6           0        0.240127    2.362384   -0.842523 
      5          6           0       -2.280428    3.453325   -0.350263 
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      6          6           0        0.035686    3.737129   -1.001970 
      7          6           0       -1.227505    4.286877   -0.751482 
      8          1           0       -3.271664    3.851161   -0.162120 
      9          1           0        0.860587    4.361187   -1.328012 
     10          1           0       -1.391475    5.351520   -0.874648 
     11          7           0       -0.792918    1.578648   -0.409940 
     12         17           0       -0.676710    0.207759    2.360976 
     13         17           0       -0.157920   -2.711237    0.615726 
     14          6           0        1.541659    1.688516   -1.176275 
     15          1           0        2.383895    2.381086   -1.071118 
     16          1           0        1.514321    1.375285   -2.231309 
     17          6           0       -3.059402    1.113144    0.326275 
     18          1           0       -4.063491    1.373933   -0.038610 
     19          1           0       -3.076626    1.141826    1.422595 
     20          7           0       -2.712332   -0.297136   -0.078096 
     21          6           0       -2.931353   -0.477566   -1.565194 
     22          1           0       -3.896301   -0.960654   -1.753511 
     23          1           0       -2.970956    0.517307   -2.023616 
     24          6           0       -3.548662   -1.231489    0.780863 
     25          1           0       -4.562539   -0.800621    0.824977 
     26          1           0       -3.108639   -1.183521    1.783927 
     27          6           0        2.875989    0.607448    1.363685 
     28          6           0        2.780299   -1.074015   -1.380597 
     29          6           0        3.899398   -0.326907   -2.128837 
     30          1           0        4.678357    0.057707   -1.466392 
     31          1           0        4.376501   -1.041290   -2.813440 
     32          1           0        3.521511    0.500464   -2.743306 
     33          6           0        1.781161   -1.621492   -2.413907 
     34          1           0        2.334234   -2.253617   -3.121039 
     35          1           0        1.017276   -2.247568   -1.936396 
     36          1           0        1.302628   -0.825228   -3.004128 
     37          6           0        3.356564   -2.258630   -0.585173 
     38          1           0        2.578349   -2.775791   -0.009735 
     39          1           0        3.782938   -2.976838   -1.298290 
     40          1           0        4.162840   -1.955120    0.092408 
     41          6           0        2.787531   -0.500301    2.428248 
     42          1           0        3.196219   -1.452574    2.074349 
     43          1           0        3.380903   -0.184760    3.297287 
     44          1           0        1.759195   -0.670673    2.761810 
     45          6           0        2.307710    1.927894    1.916563 
     46          1           0        2.444841    2.763144    1.215830 
     47          1           0        1.251362    1.850259    2.191072 
     48          1           0        2.868268    2.175902    2.827645 
     49          6           0        4.344742    0.847519    0.976965 
     50          1           0        4.459849    1.599852    0.185010 
     51          1           0        4.861502    1.229737    1.867528 
     52          1           0        4.857822   -0.071242    0.674567 
     53          6           0       -3.626810   -2.677087    0.312526 
     54          1           0       -2.640294   -3.146500    0.279951 
     55          1           0       -4.228903   -3.231456    1.039118 
     56          1           0       -4.123535   -2.788057   -0.658064 
     57          6           0       -1.775736   -1.274579   -2.164842 
     58          1           0       -1.740553   -2.310428   -1.822155 
     59          1           0       -1.803782   -1.253500   -3.260534 
     60          1           0       -0.768388   -0.799380   -1.950716 
 --------------------------------------------------------------------- 
 
Table S16. Energies for singlet [cis-Ir(PNN)Cl2]
+ 
Zero-point correction=                           0.523090 
(Hartree/Particle) 
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 Thermal correction to Energy=                    0.552480 
 Thermal correction to Enthalpy=                  0.553424 
 Thermal correction to Gibbs Free Energy=         0.467502 
 Sum of electronic and zero-point Energies=           -994.244871 
 Sum of electronic and thermal Energies=              -994.215481 
 Sum of electronic and thermal Enthalpies=            -994.214537 
 Sum of electronic and thermal Free Energies=         -994.300459 
 
Table S17. Coordinates for doubled [trans-Ir(PNN)Cl2] 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.501522   -0.544213    0.102350 
      2         15           0        1.837235   -0.104322   -0.128979 
      3          6           0       -1.761194    2.121036    0.232384 
      4          6           0        0.378440    2.243679   -0.799847 
      5          6           0       -1.996158    3.476048    0.004018 
      6          6           0        0.195644    3.614253   -1.038696 
      7          6           0       -0.997306    4.229920   -0.636719 
      8          1           0       -2.928795    3.930297    0.322715 
      9          1           0        0.975653    4.179453   -1.538956 
     10          1           0       -1.150955    5.287828   -0.823085 
     11          7           0       -0.599025    1.547961   -0.168526 
     12         17           0       -0.467166   -0.981384    2.560816 
     13         17           0       -0.672425   -0.645723   -2.426123 
     14          6           0        1.604835    1.473116   -1.207228 
     15          1           0        2.493372    2.115328   -1.217009 
     16          1           0        1.439897    1.080956   -2.220736 
     17          6           0       -2.671175    1.171775    0.966657 
     18          1           0       -3.691450    1.578380    1.049445 
     19          1           0       -2.262919    1.015708    1.974183 
     20          7           0       -2.699252   -0.188907    0.295493 
     21          6           0       -3.458298    0.000521   -1.003967 
     22          1           0       -4.366414    0.580905   -0.758015 
     23          1           0       -2.821168    0.606815   -1.656492 
     24          6           0       -3.425691   -1.147265    1.215989 
     25          1           0       -4.507374   -0.946206    1.127472 
     26          1           0       -3.110725   -0.894887    2.232935 
     27          6           0        2.770929    0.609545    1.430157 
     28          6           0        3.073670   -1.208143   -1.160639 
     29          6           0        4.036855   -0.360591   -2.009033 
     30          1           0        4.640606    0.331390   -1.411526 
     31          1           0        4.725280   -1.042014   -2.530075 
     32          1           0        3.504661    0.212142   -2.778555 
     33          6           0        2.261988   -2.118424   -2.096570 
     34          1           0        2.968259   -2.774086   -2.628163 
     35          1           0        1.556941   -2.744039   -1.535205 
     36          1           0        1.675387   -1.558063   -2.830385 
     37          6           0        3.867710   -2.122232   -0.212382 
     38          1           0        3.201462   -2.682642    0.456859 
     39          1           0        4.416492   -2.851699   -0.824844 
     40          1           0        4.603717   -1.579225    0.391194 
     41          6           0        2.967596   -0.468807    2.512317 
     42          1           0        3.738588   -1.195939    2.244195 
     43          1           0        3.295381    0.031684    3.435849 
     44          1           0        2.033012   -0.996616    2.730293 
     45          6           0        1.891255    1.727324    2.024296 
     46          1           0        1.760268    2.570046    1.332085 
     47          1           0        0.908296    1.346400    2.325661 
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     48          1           0        2.395944    2.113528    2.921789 
     49          6           0        4.136639    1.217355    1.066065 
     50          1           0        4.063262    2.011057    0.309960 
     51          1           0        4.557122    1.670666    1.975719 
     52          1           0        4.852267    0.464485    0.716402 
     53          6           0       -3.106469   -2.621517    0.985326 
     54          1           0       -2.020537   -2.753345    0.893274 
     55          1           0       -3.435656   -3.196850    1.858065 
     56          1           0       -3.584559   -3.037976    0.096624 
     57          6           0       -3.857603   -1.263820   -1.750879 
     58          1           0       -4.681101   -1.796599   -1.262610 
     59          1           0       -4.193980   -0.973157   -2.752540 
     60          1           0       -3.000573   -1.929709   -1.878832 
 --------------------------------------------------------------------- 
 
Table S18. Energies for doubled [trans-Ir(PNN)Cl2] 
Zero-point correction=                           0.522374 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.552298 
 Thermal correction to Enthalpy=                  0.553243 
 Thermal correction to Gibbs Free Energy=         0.464751 
 Sum of electronic and zero-point Energies=           -994.429256 
 Sum of electronic and thermal Energies=              -994.399332 
 Sum of electronic and thermal Enthalpies=            -994.398387 
 Sum of electronic and thermal Free Energies=         -994.486878 
 
Table S19. Coordinates for singlet [trans-Ir(PNN)Cl2]
+ 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.523412   -0.458280    0.176195 
      2         15           0        1.867971   -0.119942   -0.145709 
      3          6           0       -1.801004    2.053182   -0.011116 
      4          6           0        0.327668    2.013931   -1.125258 
      5          6           0       -2.012340    3.370597   -0.402282 
      6          6           0        0.137774    3.342745   -1.523017 
      7          6           0       -1.030334    4.022201   -1.164574 
      8          1           0       -2.929861    3.872537   -0.116932 
      9          1           0        0.906807    3.825941   -2.115369 
     10          1           0       -1.179195    5.048817   -1.479690 
     11          7           0       -0.645259    1.416339   -0.374391 
     12         17           0       -0.362447   -0.202700    2.593001 
     13         17           0       -0.744546   -0.988977   -2.193449 
     14          6           0        1.545273    1.209834   -1.479967 
     15          1           0        2.410740    1.862226   -1.637704 
     16          1           0        1.343987    0.658447   -2.408545 
     17          6           0       -2.729972    1.233233    0.841921 
     18          1           0       -3.749390    1.639502    0.818008 
     19          1           0       -2.363082    1.253819    1.876222 
     20          7           0       -2.706821   -0.206955    0.371853 
     21          6           0       -3.550783   -0.252601   -0.898775 
     22          1           0       -4.474427    0.301325   -0.664248 
     23          1           0       -3.001701    0.301108   -1.668256 
     24          6           0       -3.273491   -1.131103    1.432261 
     25          1           0       -4.367231   -1.150186    1.326150 
     26          1           0       -3.032467   -0.698876    2.407206 
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     27          6           0        2.869443    0.884461    1.194116 
     28          6           0        2.966503   -1.516104   -0.945243 
     29          6           0        3.843279   -0.932987   -2.065097 
     30          1           0        4.499921   -0.126420   -1.720230 
     31          1           0        4.482096   -1.738446   -2.451476 
     32          1           0        3.241728   -0.567578   -2.905837 
     33          6           0        2.060823   -2.613938   -1.524922 
     34          1           0        2.707312   -3.422731   -1.891186 
     35          1           0        1.393573   -3.038968   -0.762229 
     36          1           0        1.444615   -2.262849   -2.356083 
     37          6           0        3.841407   -2.164633    0.142120 
     38          1           0        3.244827   -2.520453    0.991959 
     39          1           0        4.334117   -3.038657   -0.302907 
     40          1           0        4.630097   -1.502738    0.512788 
     41          6           0        3.121818    0.044945    2.460775 
     42          1           0        3.870012   -0.736944    2.307128 
     43          1           0        3.507983    0.717261    3.238945 
     44          1           0        2.202524   -0.409809    2.841858 
     45          6           0        2.053812    2.134448    1.578648 
     46          1           0        1.921970    2.828290    0.737932 
     47          1           0        1.078152    1.877532    2.006115 
     48          1           0        2.620039    2.673977    2.349456 
     49          6           0        4.212404    1.352116    0.602900 
     50          1           0        4.090763    1.987269   -0.284483 
     51          1           0        4.718011    1.958619    1.366202 
     52          1           0        4.882530    0.523427    0.353122 
     53          6           0       -2.681663   -2.535586    1.354166 
     54          1           0       -1.580783   -2.506940    1.436230 
     55          1           0       -3.025468   -3.124378    2.210800 
     56          1           0       -2.949716   -3.068393    0.440182 
     57          6           0       -3.931174   -1.624689   -1.435348 
     58          1           0       -4.603505   -2.166209   -0.762279 
     59          1           0       -4.469862   -1.472843   -2.376561 
     60          1           0       -3.055192   -2.237499   -1.660157 
 --------------------------------------------------------------------- 
 
Table S20. Energies for singlet [trans-Ir(PNN)Cl2]
+ 
Zero-point correction=                           0.525182 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.554306 
 Thermal correction to Enthalpy=                  0.555250 
 Thermal correction to Gibbs Free Energy=         0.469476 
 Sum of electronic and zero-point Energies=           -994.235804 
 Sum of electronic and thermal Energies=              -994.206680 
 Sum of electronic and thermal Enthalpies=            -994.205736 
 Sum of electronic and thermal Free Energies=         -994.291510 
 
In Solution (M06 in dcm): 
Table S 21. Coordinates of 12
S 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.006438    0.396026    0.003026 
      2         15           0       -2.466327    0.090141    0.107231 
      3         15           0        2.460773    0.069177   -0.116843 
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      4          6           0        1.068782   -2.341569   -0.501265 
      5          6           0       -1.091297   -2.330345    0.505189 
      6          6           0        1.073408   -3.740312   -0.505581 
      7          6           0       -1.104975   -3.729124    0.521011 
      8          6           0       -0.018046   -4.444459    0.010887 
      9          1           0        1.938199   -4.256947   -0.907423 
     10          1           0       -1.972860   -4.236736    0.927588 
     11          1           0       -0.021388   -5.529034    0.015756 
     12          7           0       -0.009207   -1.652194   -0.000534 
     13          6           0        2.253750   -1.582330   -1.028152 
     14          1           0        3.156760   -2.199930   -0.973121 
     15          1           0        2.082865   -1.315005   -2.079708 
     16          6           0       -2.270510   -1.559024    1.026456 
     17          1           0       -2.098519   -1.287552    2.076544 
     18          1           0       -3.177063   -2.171471    0.974441 
     19          6           0        3.454271   -0.445022    1.487513 
     20          6           0        3.461440    0.711758    2.501722 
     21          6           0        2.777267   -1.681413    2.113409 
     22          6           0        4.904885   -0.851893    1.173911 
     23          1           0        4.015891    1.582491    2.137570 
     24          1           0        2.445960    1.026353    2.763302 
     25          1           0        3.959131    0.359802    3.417965 
     26          1           0        2.933335   -2.580833    1.503583 
     27          1           0        3.256744   -1.861874    3.086763 
     28          1           0        1.706060   -1.539324    2.290711 
     29          1           0        5.338523   -1.258514    2.099837 
     30          1           0        4.963836   -1.638193    0.410247 
     31          1           0        5.530608   -0.007072    0.868128 
     32          6           0        3.616001    1.166341   -1.251748 
     33          6           0        2.796248    1.854434   -2.353280 
     34          6           0        4.251026    2.273114   -0.392538 
     35          6           0        4.699160    0.316187   -1.937625 
     36          1           0        2.394622    1.138000   -3.075412 
     37          1           0        1.956910    2.429274   -1.945405 
     38          1           0        3.473639    2.539965   -2.884625 
     39          1           0        4.979566    1.891469    0.329405 
     40          1           0        4.784114    2.960833   -1.064285 
     41          1           0        3.487704    2.853208    0.143361 
     42          1           0        5.288108    0.984668   -2.583306 
     43          1           0        5.390242   -0.159503   -1.237541 
     44          1           0        4.262592   -0.456839   -2.582563 
     45          6           0       -3.629090    1.189319    1.233868 
     46          6           0       -2.801044    1.903718    2.312067 
     47          6           0       -4.295559    2.274728    0.371110 
     48          6           0       -4.693881    0.335331    1.943343 
     49          1           0       -2.374930    1.202183    3.034736 
     50          1           0       -1.976982    2.484760    1.881447 
     51          1           0       -3.476666    2.587753    2.847410 
     52          1           0       -5.025862    1.873292   -0.338103 
     53          1           0       -4.833460    2.957729    1.044052 
     54          1           0       -3.555159    2.867403   -0.182167 
     55          1           0       -5.293931    1.007392    2.575038 
     56          1           0       -5.376996   -0.169350    1.254987 
     57          1           0       -4.241815   -0.414666    2.604425 
     58          6           0       -3.461056   -0.437127   -1.493236 
     59          6           0       -3.475981    0.714047   -2.513509 
     60          6           0       -2.782828   -1.674360   -2.116507 
     61          6           0       -4.909468   -0.847613   -1.172283 
     62          1           0       -4.027619    1.586711   -2.149915 
     63          1           0       -2.462060    1.026799   -2.783376 
     64          1           0       -3.980284    0.357380   -3.424296 
     65          1           0       -2.939553   -2.572780   -1.505407 
196 
 
     66          1           0       -3.261272   -1.856838   -3.090037 
     67          1           0       -1.711382   -1.532441   -2.292460 
     68          1           0       -5.346083   -1.257135   -2.095540 
     69          1           0       -4.963603   -1.632746   -0.407267 
     70          1           0       -5.536817   -0.004869   -0.864511 
     71         17           0        0.028243    0.331522    2.476779 
     72         17           0       -0.039115    0.347874   -2.470423 
     73         17           0        0.071221    2.876925    0.022202 
 --------------------------------------------------------------------- 
 
Table S 22. Energies of 12
S 
Zero-point correction=                           0.631352 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.668633 
 Thermal correction to Enthalpy=                  0.669578 
 Thermal correction to Gibbs Free Energy=         0.568797 
 Sum of electronic and zero-point Energies=          -1118.270095 
 Sum of electronic and thermal Energies=             -1118.232814 
 Sum of electronic and thermal Enthalpies=           -1118.231869 
 Sum of electronic and thermal Free Energies=        -1118.332650 
 
Table S23. Coordinates of 12
T 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.000109    0.416438   -0.000003 
      2         15           0       -2.470324    0.098365    0.111043 
      3         15           0        2.470270    0.098000   -0.111231 
      4          6           0        1.098685   -2.334358   -0.474094 
      5          6           0       -1.099021   -2.334221    0.473887 
      6          6           0        1.107288   -3.732080   -0.480700 
      7          6           0       -1.107698   -3.731948    0.480704 
      8          6           0       -0.000224   -4.437593    0.000065 
      9          1           0        1.982291   -4.248080   -0.859746 
     10          1           0       -1.982719   -4.247837    0.859856 
     11          1           0       -0.000246   -5.522239    0.000168 
     12          7           0       -0.000151   -1.655665   -0.000148 
     13          6           0        2.277710   -1.567402   -0.998873 
     14          1           0        3.188559   -2.172515   -0.936536 
     15          1           0        2.093502   -1.310530   -2.051862 
     16          6           0       -2.277978   -1.567132    0.998592 
     17          1           0       -2.093773   -1.310379    2.051606 
     18          1           0       -3.188892   -2.172139    0.936168 
     19          6           0        3.454331   -0.393457    1.500617 
     20          6           0        3.390068    0.764229    2.510361 
     21          6           0        2.808851   -1.658517    2.101385 
     22          6           0        4.922399   -0.751458    1.211825 
     23          1           0        3.955164    1.639788    2.173819 
     24          1           0        2.354899    1.062585    2.710362 
     25          1           0        3.834992    0.423072    3.456948 
     26          1           0        3.029254   -2.546954    1.494994 
     27          1           0        3.257616   -1.818966    3.092574 
     28          1           0        1.726875   -1.562275    2.240434 
     29          1           0        5.353894   -1.140517    2.146325 
     30          1           0        5.016512   -1.540046    0.453468 
     31          1           0        5.527658    0.109425    0.910723 
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     32          6           0        3.603630    1.210984   -1.244636 
     33          6           0        2.769081    1.885810   -2.342307 
     34          6           0        4.218588    2.329117   -0.385371 
     35          6           0        4.695646    0.371675   -1.928484 
     36          1           0        2.327692    1.162763   -3.033656 
     37          1           0        1.954656    2.489585   -1.924566 
     38          1           0        3.443571    2.548119   -2.905755 
     39          1           0        4.951363    1.963370    0.340376 
     40          1           0        4.739630    3.024988   -1.058031 
     41          1           0        3.443194    2.896632    0.147340 
     42          1           0        5.286421    1.044762   -2.567267 
     43          1           0        5.382855   -0.105175   -1.224919 
     44          1           0        4.264086   -0.400286   -2.578305 
     45          6           0       -3.603786    1.211240    1.244461 
     46          6           0       -2.769146    1.886151    2.342019 
     47          6           0       -4.218961    2.329321    0.385296 
     48          6           0       -4.695751    0.371853    1.928293 
     49          1           0       -2.327815    1.163185    3.033499 
     50          1           0       -1.954648    2.489735    1.924140 
     51          1           0       -3.443514    2.548656    2.905380 
     52          1           0       -4.951923    1.963565   -0.340254 
     53          1           0       -4.739841    3.025211    1.058062 
     54          1           0       -3.443743    2.896844   -0.147658 
     55          1           0       -5.286621    1.044916    2.567014 
     56          1           0       -5.382863   -0.105065    1.224656 
     57          1           0       -4.264179   -0.400068    2.578151 
     58          6           0       -3.454480   -0.393153   -1.500753 
     59          6           0       -3.390503    0.764567   -2.510476 
     60          6           0       -2.809010   -1.658122   -2.101715 
     61          6           0       -4.922489   -0.751244   -1.211720 
     62          1           0       -3.955715    1.640019   -2.173871 
     63          1           0       -2.355408    1.063101   -2.710552 
     64          1           0       -3.835453    0.423359   -3.457034 
     65          1           0       -3.029378   -2.546659   -1.495457 
     66          1           0       -3.257842   -1.818436   -3.092898 
     67          1           0       -1.727040   -1.561830   -2.240840 
     68          1           0       -5.354082   -1.140483   -2.146099 
     69          1           0       -5.016448   -1.539704   -0.453213 
     70          1           0       -5.527766    0.109642   -0.910659 
     71         17           0       -0.023639    0.113867    2.768952 
     72         17           0        0.023168    0.114715   -2.768849 
     73         17           0        0.001372    2.840224    0.000894 
 --------------------------------------------------------------------- 
 
Table S24. Energies of 12
T 
Zero-point correction=                           0.629638 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.667842 
 Thermal correction to Enthalpy=                  0.668786 
 Thermal correction to Gibbs Free Energy=         0.562028 
 Sum of electronic and zero-point Energies=          -1118.216295 
 Sum of electronic and thermal Energies=             -1118.178091 
 Sum of electronic and thermal Enthalpies=           -1118.177147 
 Sum of electronic and thermal Free Energies=        -1118.283905 
 
Table S25. Coordiantes for singlet [cis-Ir(PNP)Cl2]
+ 
--------------------------------------------------------------------- 
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 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.017782   -0.318631   -0.060971 
      2         15           0       -2.411699   -0.033120   -0.014998 
      3         15           0        2.424875   -0.105804    0.175461 
      4          6           0        1.153907    2.390122    0.541499 
      5          6           0       -1.115805    2.465477   -0.171017 
      6          6           0        1.211153    3.786247    0.556401 
      7          6           0       -1.090150    3.863088   -0.139407 
      8          6           0        0.082940    4.534653    0.211387 
      9          1           0        2.137307    4.267306    0.850214 
     10          1           0       -1.992096    4.405909   -0.400019 
     11          1           0        0.115509    5.618334    0.223443 
     12          7           0        0.004683    1.739526    0.158555 
     13          6           0        2.333291    1.589047    1.005328 
     14          1           0        3.259899    2.158194    0.881658 
     15          1           0        2.217533    1.394902    2.081241 
     16          6           0       -2.386935    1.767325   -0.568676 
     17          1           0       -2.465338    1.750963   -1.664615 
     18          1           0       -3.252453    2.323079   -0.189671 
     19          6           0        3.665623    0.072642   -1.285447 
     20          6           0        3.476380   -1.117784   -2.238790 
     21          6           0        3.351032    1.386657   -2.022060 
     22          6           0        5.115505    0.125925   -0.784900 
     23          1           0        3.689556   -2.077198   -1.753279 
     24          1           0        2.457328   -1.151611   -2.642234 
     25          1           0        4.176336   -1.002084   -3.078361 
     26          1           0        3.580457    2.268077   -1.409514 
     27          1           0        3.989800    1.431893   -2.915439 
     28          1           0        2.307380    1.439564   -2.352102 
     29          1           0        5.759579    0.358443   -1.645391 
     30          1           0        5.269827    0.910907   -0.032625 
     31          1           0        5.447845   -0.834061   -0.374246 
     32          6           0        3.036699   -1.270632    1.584347 
     33          6           0        1.822605   -1.442449    2.515086 
     34          6           0        3.409300   -2.635111    0.984779 
     35          6           0        4.219685   -0.705246    2.383008 
     36          1           0        1.505675   -0.497333    2.979610 
     37          1           0        0.975849   -1.894886    1.976573 
     38          1           0        2.095065   -2.127822    3.330158 
     39          1           0        4.322505   -2.580394    0.379794 
     40          1           0        3.598015   -3.337543    1.808981 
     41          1           0        2.596857   -3.043299    0.368966 
     42          1           0        4.433038   -1.403332    3.205876 
     43          1           0        5.128187   -0.620317    1.779207 
     44          1           0        4.004188    0.271866    2.833435 
     45          6           0       -3.708868   -0.910430   -1.142309 
     46          6           0       -3.092161   -1.122385   -2.532034 
     47          6           0       -4.053968   -2.281504   -0.542334 
     48          6           0       -4.974895   -0.049750   -1.287504 
     49          1           0       -2.841905   -0.175879   -3.025593 
     50          1           0       -2.189593   -1.741937   -2.487716 
     51          1           0       -3.840475   -1.638780   -3.150209 
     52          1           0       -4.602147   -2.194910    0.402886 
     53          1           0       -4.700812   -2.811336   -1.255268 
     54          1           0       -3.153723   -2.890285   -0.383636 
     55          1           0       -5.659344   -0.577050   -1.967612 
     56          1           0       -5.500913    0.101483   -0.340388 
     57          1           0       -4.760997    0.929044   -1.734186 
     58          6           0       -2.948279   -0.013349    1.846891 
     59          6           0       -2.607325   -1.377966    2.469143 
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     60          6           0       -2.124751    1.071300    2.565400 
     61          6           0       -4.437341    0.297267    2.042933 
     62          1           0       -3.143467   -2.207715    1.996724 
     63          1           0       -1.530883   -1.594018    2.410954 
     64          1           0       -2.887514   -1.355373    3.531749 
     65          1           0       -2.358854    2.081294    2.203116 
     66          1           0       -2.376369    1.034129    3.634296 
     67          1           0       -1.040181    0.909953    2.472012 
     68          1           0       -4.626613    0.389742    3.122376 
     69          1           0       -4.732370    1.244267    1.572785 
     70          1           0       -5.081219   -0.504381    1.663420 
     71         17           0        0.017629    0.128714   -2.407338 
     72         17           0       -0.089248   -2.783117   -0.397356 
 --------------------------------------------------------------------- 
 
Table S26. Energies for singlet [cis-Ir(PNP)Cl2]
+ 
Zero-point correction=                           0.629893 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.665138 
 Thermal correction to Enthalpy=                  0.666082 
 Thermal correction to Gibbs Free Energy=         0.569595 
 Sum of electronic and zero-point Energies=          -1103.137063 
 Sum of electronic and thermal Energies=             -1103.101818 
 Sum of electronic and thermal Enthalpies=           -1103.100874 
 Sum of electronic and thermal Free Energies=        -1103.197361 
 
Table S27. Coordinates for singlet [trans-Ir(PNP)Cl2]
+ 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.023279    0.544243   -0.038712 
      2         15           0       -2.489623    0.235716    0.114206 
      3         15           0        2.481418    0.195406   -0.130987 
      4          6           0        1.057780   -2.165666   -0.452103 
      5          6           0       -1.046815   -2.088771    0.687724 
      6          6           0        1.043678   -3.561259   -0.400549 
      7          6           0       -1.057968   -3.483551    0.771575 
      8          6           0       -0.014117   -4.230142    0.219954 
      9          1           0        1.876467   -4.101909   -0.836065 
     10          1           0       -1.901754   -3.964729    1.252611 
     11          1           0       -0.025832   -5.312998    0.270588 
     12          7           0        0.011921   -1.448300    0.084729 
     13          6           0        2.220132   -1.436138   -1.057942 
     14          1           0        3.111361   -2.070963   -1.053164 
     15          1           0        1.993730   -1.162446   -2.096168 
     16          6           0       -2.202007   -1.285567    1.206549 
     17          1           0       -1.973686   -0.890611    2.205612 
     18          1           0       -3.092413   -1.918265    1.281102 
     19          6           0        3.520593   -0.377294    1.421947 
     20          6           0        3.661891    0.745760    2.462216 
     21          6           0        2.815076   -1.580369    2.077160 
     22          6           0        4.916383   -0.848608    0.973306 
     23          1           0        4.239358    1.597927    2.092839 
     24          1           0        2.685610    1.101023    2.807729 
     25          1           0        4.199599    0.333003    3.328090 
     26          1           0        2.837223   -2.469928    1.434885 
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     27          1           0        3.369238   -1.828337    2.993193 
     28          1           0        1.779722   -1.360390    2.362389 
     29          1           0        5.417872   -1.274211    1.854412 
     30          1           0        4.871415   -1.636939    0.211142 
     31          1           0        5.546485   -0.033940    0.602086 
     32          6           0        3.543705    1.381624   -1.254940 
     33          6           0        2.609232    2.226785   -2.132507 
     34          6           0        4.341461    2.355855   -0.372365 
     35          6           0        4.484116    0.570486   -2.159847 
     36          1           0        2.038738    1.621075   -2.840816 
     37          1           0        1.901968    2.812824   -1.528835 
     38          1           0        3.232528    2.931963   -2.700394 
     39          1           0        5.134218    1.866762    0.201095 
     40          1           0        4.819339    3.090710   -1.034900 
     41          1           0        3.688446    2.905154    0.319082 
     42          1           0        5.067050    1.278706   -2.766161 
     43          1           0        5.191235   -0.047717   -1.596109 
     44          1           0        3.926134   -0.073344   -2.851472 
     45          6           0       -3.608521    1.450068    1.156956 
     46          6           0       -2.724553    2.329056    2.052888 
     47          6           0       -4.374236    2.386270    0.207730 
     48          6           0       -4.581763    0.667831    2.055242 
     49          1           0       -2.191183    1.749915    2.811525 
     50          1           0       -1.985308    2.897315    1.473448 
     51          1           0       -3.381704    3.047807    2.562960 
     52          1           0       -5.140873    1.870536   -0.378493 
     53          1           0       -4.881905    3.143728    0.820762 
     54          1           0       -3.696197    2.911139   -0.478749 
     55          1           0       -5.178067    1.398708    2.620544 
     56          1           0       -5.275750    0.036147    1.492759 
     57          1           0       -4.052119    0.044244    2.786428 
     58          6           0       -3.517996   -0.487959   -1.381636 
     59          6           0       -3.623374    0.547573   -2.513236 
     60          6           0       -2.817613   -1.753189   -1.915401 
     61          6           0       -4.927520   -0.908501   -0.929554 
     62          1           0       -4.225349    1.416707   -2.233164 
     63          1           0       -2.635818    0.889682   -2.840214 
     64          1           0       -4.117996    0.066757   -3.369576 
     65          1           0       -2.860284   -2.578913   -1.194730 
     66          1           0       -3.368327   -2.076526   -2.810229 
     67          1           0       -1.778039   -1.573538   -2.212368 
     68          1           0       -5.405734   -1.418695   -1.778287 
     69          1           0       -4.906938   -1.616809   -0.091280 
     70          1           0       -5.563601   -0.058757   -0.662088 
     71         17           0        0.143329    0.737718    2.407015 
     72         17           0       -0.104924    0.291511   -2.532405 
 --------------------------------------------------------------------- 
 
Table S28. Energies for singlet [trans-Ir(PNP)Cl2]
+ 
Zero-point correction=                           0.629709 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.665489 
 Thermal correction to Enthalpy=                  0.666434 
 Thermal correction to Gibbs Free Energy=         0.568028 
 Sum of electronic and zero-point Energies=          -1103.122878 
 Sum of electronic and thermal Energies=             -1103.087097 
 Sum of electronic and thermal Enthalpies=           -1103.086153 
 Sum of electronic and thermal Free Energies=        -1103.184559 
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Table S29. Coordinates of singlet 15
S
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.136027   -0.321737   -0.094317 
      2         15           0        2.456857    0.021028    0.129953 
      3         15           0       -2.299347   -0.128034    0.016292 
      4          6           0       -1.137734    2.260299   -0.881545 
      5          6           0        1.190354    2.465327   -0.474316 
      6          6           0       -1.244182    3.644583   -1.050490 
      7          6           0        1.108914    3.854857   -0.624974 
      8          6           0       -0.120277    4.460056   -0.894605 
      9          1           0       -2.211446    4.063314   -1.306627 
     10          1           0        2.020169    4.439037   -0.551827 
     11          1           0       -0.196080    5.535973   -1.007279 
     12          7           0        0.063083    1.681126   -0.533670 
     13          6           0       -2.331299    1.383690   -1.119206 
     14          1           0       -3.260122    1.960143   -1.046972 
     15          1           0       -2.256996    0.966887   -2.134784 
     16          6           0        2.549679    1.831838   -0.364041 
     17          1           0        3.200386    2.409064    0.301766 
     18          1           0        3.002737    1.869034   -1.364778 
     19          6           0       -3.138392    0.505546    1.651966 
     20          6           0       -2.838752   -0.485476    2.787518 
     21          6           0       -2.542173    1.879695    2.005922 
     22          6           0       -4.657376    0.694989    1.521945 
     23          1           0       -3.261953   -1.478481    2.598789 
     24          1           0       -1.761246   -0.600333    2.948751 
     25          1           0       -3.283598   -0.101780    3.717656 
     26          1           0       -2.837176    2.650108    1.281952 
     27          1           0       -2.938970    2.179940    2.986842 
     28          1           0       -1.449686    1.867722    2.080663 
     29          1           0       -5.020388    1.170459    2.445549 
     30          1           0       -4.921746    1.353594    0.683995 
     31          1           0       -5.191368   -0.254754    1.409329 
     32          6           0       -3.457261   -1.428422   -0.843380 
     33          6           0       -2.676408   -2.086410   -1.990945 
     34          6           0       -3.815458   -2.524032    0.174869 
     35          6           0       -4.727797   -0.795975   -1.434913 
     36          1           0       -2.411372   -1.372331   -2.778772 
     37          1           0       -1.746868   -2.546939   -1.637871 
     38          1           0       -3.319390   -2.865524   -2.428529 
     39          1           0       -4.475557   -2.165779    0.973439 
     40          1           0       -4.346109   -3.327723   -0.356388 
     41          1           0       -2.910826   -2.956630    0.624947 
     42          1           0       -5.281551   -1.586117   -1.964168 
     43          1           0       -5.396441   -0.373415   -0.680270 
     44          1           0       -4.490391   -0.016100   -2.169849 
     45          6           0        2.174959    0.014308    2.031039 
     46          6           0        0.614268    0.061660    1.926951 
     47          6           0        2.641303   -1.289324    2.687906 
     48          6           0        2.768284    1.211938    2.774851 
     49          1           0        0.169930   -0.704607    2.576968 
     50          1           0        0.252734    1.056114    2.231949 
     51          1           0        3.735817   -1.384088    2.694872 
     52          1           0        2.299329   -1.286298    3.733621 
     53          1           0        2.203094   -2.166791    2.195491 
     54          1           0        2.471661    1.151397    3.832565 
     55          1           0        3.867065    1.217832    2.731089 
     56          1           0        2.397301    2.170045    2.386958 
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     57          6           0        4.036919   -0.812634   -0.556674 
     58          6           0        3.933769   -2.327053   -0.323930 
     59          6           0        4.106205   -0.551280   -2.070126 
     60          6           0        5.268011   -0.230168    0.150066 
     61          1           0        3.914275   -2.584888    0.740674 
     62          1           0        3.033420   -2.740620   -0.797039 
     63          1           0        4.814835   -2.806483   -0.774277 
     64          1           0        4.299426    0.502857   -2.305687 
     65          1           0        4.940195   -1.137956   -2.481118 
     66          1           0        3.180858   -0.861490   -2.575024 
     67          1           0        6.171838   -0.704917   -0.259451 
     68          1           0        5.358377    0.852807   -0.010713 
     69          1           0        5.244056   -0.423135    1.230720 
     70         17           0        0.247979   -0.579219   -2.735967 
     71         17           0        0.156733   -2.761150    0.413845 
 --------------------------------------------------------------------- 
 
Table S30. Energies of singlet 15
S
 
Zero-point correction=                           0.615611 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.651262 
 Thermal correction to Enthalpy=                  0.652206 
 Thermal correction to Gibbs Free Energy=         0.552370 
 Sum of electronic and zero-point Energies=          -1102.707220 
 Sum of electronic and thermal Energies=             -1102.671569 
 Sum of electronic and thermal Enthalpies=           -1102.670625 
 Sum of electronic and thermal Free Energies=        -1102.770462 
 
Table S31. Coordinates of 13
S 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.484818   -0.361239    0.066993 
      2         15           0        1.899723    0.015577   -0.113492 
      3          6           0       -1.758730    2.257853    0.057939 
      4          6           0        0.452771    2.327195   -0.809036 
      5          6           0       -1.942092    3.614521   -0.202330 
      6          6           0        0.314307    3.696415   -1.065682 
      7          6           0       -0.887773    4.345683   -0.765349 
      8          1           0       -2.891760    4.080397    0.036360 
      9          1           0        1.146310    4.232166   -1.509630 
     10          1           0       -1.003397    5.403888   -0.972617 
     11          7           0       -0.581372    1.639905   -0.236628 
     12         17           0       -0.611928   -0.239271    2.542496 
     13         17           0       -0.188366   -2.822816    0.265965 
     14         17           0       -0.580819   -0.476837   -2.404602 
     15          6           0        1.708510    1.584110   -1.163358 
     16          1           0        2.582866    2.239749   -1.088922 
     17          1           0        1.631731    1.235867   -2.202414 
     18          6           0       -2.772088    1.393888    0.735647 
     19          1           0       -3.780267    1.818235    0.635663 
     20          1           0       -2.514411    1.357312    1.800624 
     21          7           0       -2.749793   -0.031590    0.217576 
     22          6           0       -3.455887    0.002731   -1.124599 
     23          1           0       -4.414478    0.523540   -0.964036 
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     24          1           0       -2.841789    0.618100   -1.789712 
     25          6           0       -3.580109   -0.826608    1.217069 
     26          1           0       -4.631979   -0.556544    1.022975 
     27          1           0       -3.318482   -0.449231    2.210282 
     28          6           0        2.805290    0.665603    1.485649 
     29          6           0        3.106262   -1.133144   -1.127116 
     30          6           0        4.200064   -0.299974   -1.820201 
     31          1           0        4.842138    0.243753   -1.122836 
     32          1           0        4.837105   -0.995717   -2.385779 
     33          1           0        3.778252    0.413211   -2.539950 
     34          6           0        2.341860   -1.899721   -2.216658 
     35          1           0        3.066207   -2.560693   -2.716385 
     36          1           0        1.535322   -2.510977   -1.796296 
     37          1           0        1.906294   -1.233134   -2.967798 
     38          6           0        3.730901   -2.166140   -0.174330 
     39          1           0        2.959390   -2.714071    0.383057 
     40          1           0        4.288858   -2.893971   -0.780339 
     41          1           0        4.437085   -1.719819    0.534194 
     42          6           0        2.819835   -0.423810    2.572812 
     43          1           0        3.536784   -1.218965    2.344650 
     44          1           0        3.128838    0.040237    3.521116 
     45          1           0        1.831826   -0.871810    2.721685 
     46          6           0        2.041097    1.905683    1.989092 
     47          1           0        2.122671    2.747739    1.288441 
     48          1           0        0.984922    1.696448    2.189474 
     49          1           0        2.506161    2.221714    2.933952 
     50          6           0        4.251251    1.109882    1.204466 
     51          1           0        4.313636    1.870541    0.415433 
     52          1           0        4.640319    1.561439    2.129215 
     53          1           0        4.909683    0.273077    0.948396 
     54          6           0       -3.404444   -2.336429    1.248959 
     55          1           0       -2.389005   -2.598074    1.556813 
     56          1           0       -4.110289   -2.738765    1.987326 
     57          1           0       -3.600961   -2.826806    0.292928 
     58          6           0       -3.719531   -1.346114   -1.777559 
     59          1           0       -4.560403   -1.872173   -1.312941 
     60          1           0       -3.974437   -1.175364   -2.830338 
     61          1           0       -2.831485   -1.985753   -1.753361 
 --------------------------------------------------------------------- 
 
Table S32. Energies of 13
S 
Zero-point correction=                           0.524263 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.555534 
 Thermal correction to Enthalpy=                  0.556478 
 Thermal correction to Gibbs Free Energy=         0.466679 
 Sum of electronic and zero-point Energies=          -1009.480687 
 Sum of electronic and thermal Energies=             -1009.449417 
 Sum of electronic and thermal Enthalpies=           -1009.448472 
 Sum of electronic and thermal Free Energies=        -1009.538272 
 
Table S33. Coordinates of 13
T 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.477076   -0.379244    0.077803 
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      2         15           0        1.918351    0.013739   -0.081029 
      3          6           0       -1.791361    2.221301   -0.013969 
      4          6           0        0.482163    2.350267   -0.724192 
      5          6           0       -1.978778    3.579266   -0.265859 
      6          6           0        0.338604    3.720590   -0.956977 
      7          6           0       -0.897255    4.338371   -0.729785 
      8          1           0       -2.951120    4.026043   -0.091897 
      9          1           0        1.186746    4.282880   -1.331246 
     10          1           0       -1.018270    5.398673   -0.923138 
     11          7           0       -0.578742    1.636734   -0.233413 
     12         17           0       -0.783374   -0.045407    2.785652 
     13         17           0       -0.205903   -2.788732    0.158054 
     14         17           0       -0.561077   -0.152619   -2.773360 
     15          6           0        1.749245    1.623893   -1.061027 
     16          1           0        2.624002    2.271459   -0.936008 
     17          1           0        1.689565    1.317584   -2.115889 
     18          6           0       -2.840522    1.352844    0.603712 
     19          1           0       -3.844272    1.742301    0.387701 
     20          1           0       -2.685733    1.383904    1.688625 
     21          7           0       -2.742442   -0.100170    0.182218 
     22          6           0       -3.396781   -0.187321   -1.185117 
     23          1           0       -4.408425    0.239547   -1.082480 
     24          1           0       -2.813142    0.452784   -1.854076 
     25          6           0       -3.580210   -0.873095    1.193669 
     26          1           0       -4.631438   -0.715689    0.901634 
     27          1           0       -3.428834   -0.390760    2.162954 
     28          6           0        2.792163    0.572975    1.559964 
     29          6           0        3.103343   -1.115883   -1.135665 
     30          6           0        4.215737   -0.273929   -1.787021 
     31          1           0        4.859576    0.234709   -1.064582 
     32          1           0        4.848364   -0.957078   -2.372432 
     33          1           0        3.810545    0.470089   -2.484557 
     34          6           0        2.317125   -1.809004   -2.257955 
     35          1           0        3.033717   -2.418830   -2.828246 
     36          1           0        1.535398   -2.467632   -1.861914 
     37          1           0        1.838825   -1.096801   -2.937817 
     38          6           0        3.702311   -2.205147   -0.231296 
     39          1           0        2.918092   -2.773543    0.285981 
     40          1           0        4.259238   -2.905424   -0.869777 
     41          1           0        4.402788   -1.806985    0.510383 
     42          6           0        2.700472   -0.553589    2.601506 
     43          1           0        3.282718   -1.434560    2.311476 
     44          1           0        3.110020   -0.179073    3.551232 
     45          1           0        1.661366   -0.853960    2.777968 
     46          6           0        2.064497    1.828425    2.077423 
     47          1           0        2.236999    2.695642    1.425636 
     48          1           0        0.987812    1.668262    2.202856 
     49          1           0        2.482013    2.070661    3.065217 
     50          6           0        4.264437    0.956145    1.336878 
     51          1           0        4.382991    1.723843    0.560643 
     52          1           0        4.641409    1.378807    2.279871 
     53          1           0        4.895090    0.095490    1.089258 
     54          6           0       -3.288666   -2.353060    1.378576 
     55          1           0       -2.299795   -2.496883    1.820362 
     56          1           0       -4.038343   -2.756377    2.071495 
     57          1           0       -3.334255   -2.931229    0.454245 
     58          6           0       -3.482475   -1.584039   -1.778183 
     59          1           0       -4.245171   -2.199640   -1.288758 
     60          1           0       -3.754449   -1.493725   -2.836337 
     61          1           0       -2.514445   -2.093920   -1.729389 
 --------------------------------------------------------------------- 
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Table S34. Energies of 13
T 
Zero-point correction=                           0.524458 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.555876 
 Thermal correction to Enthalpy=                  0.556820 
 Thermal correction to Gibbs Free Energy=         0.465443 
 Sum of electronic and zero-point Energies=          -1009.427175 
 Sum of electronic and thermal Energies=             -1009.395757 
 Sum of electronic and thermal Enthalpies=           -1009.394813 
 Sum of electronic and thermal Free Energies=        -1009.486190 
 
Table S35. Coordinates for singlet [cis-Ir(PNN)IrCl2]
+ 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.519199   -0.390015    0.096856 
      2         15           0        1.845312    0.065976   -0.191432 
      3          6           0       -1.963446    2.123259   -0.092053 
      4          6           0        0.284231    2.333129   -0.858491 
      5          6           0       -2.185357    3.486372   -0.270870 
      6          6           0        0.104074    3.709752   -1.027509 
      7          6           0       -1.133730    4.290912   -0.729757 
      8          1           0       -3.159552    3.904414   -0.043815 
      9          1           0        0.931028    4.307926   -1.393675 
     10          1           0       -1.279129    5.357586   -0.858698 
     11          7           0       -0.746722    1.573637   -0.378732 
     12         17           0       -0.634117    0.146100    2.416016 
     13         17           0       -0.177690   -2.771034    0.653276 
     14          6           0        1.562520    1.640547   -1.221729 
     15          1           0        2.414890    2.324518   -1.150462 
     16          1           0        1.497493    1.314072   -2.269651 
     17          6           0       -2.995755    1.174161    0.443645 
     18          1           0       -4.004331    1.482065    0.136101 
     19          1           0       -2.963584    1.173198    1.539094 
     20          7           0       -2.721826   -0.229828   -0.041929 
     21          6           0       -3.130579   -0.280307   -1.512435 
     22          1           0       -4.181248   -0.593464   -1.559798 
     23          1           0       -3.088307    0.746370   -1.893107 
     24          6           0       -3.557531   -1.162710    0.808189 
     25          1           0       -4.560079   -0.712135    0.886320 
     26          1           0       -3.103209   -1.158071    1.805882 
     27          6           0        2.955533    0.608625    1.291130 
     28          6           0        2.742997   -1.131010   -1.417916 
     29          6           0        3.859509   -0.424744   -2.205649 
     30          1           0        4.677804   -0.080184   -1.567506 
     31          1           0        4.276819   -1.155036   -2.913926 
     32          1           0        3.492050    0.424644   -2.795308 
     33          6           0        1.684092   -1.640020   -2.410705 
     34          1           0        2.183845   -2.288499   -3.143656 
     35          1           0        0.912201   -2.236447   -1.906468 
     36          1           0        1.203609   -0.824206   -2.970400 
     37          6           0        3.314935   -2.324230   -0.637132 
     38          1           0        2.540428   -2.825770   -0.042097 
     39          1           0        3.713672   -3.049977   -1.359976 
     40          1           0        4.137290   -2.027387    0.025239 
     41          6           0        2.912426   -0.478872    2.375651 
     42          1           0        3.296992   -1.439526    2.015371 
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     43          1           0        3.548893   -0.154383    3.211314 
     44          1           0        1.897578   -0.632184    2.759606 
     45          6           0        2.394786    1.930515    1.844029 
     46          1           0        2.506630    2.756416    1.129158 
     47          1           0        1.342473    1.849857    2.138089 
     48          1           0        2.974475    2.190365    2.740826 
     49          6           0        4.406655    0.846356    0.849292 
     50          1           0        4.482736    1.574678    0.031156 
     51          1           0        4.952017    1.255551    1.711590 
     52          1           0        4.907407   -0.081234    0.549927 
     53          6           0       -3.676932   -2.586238    0.288419 
     54          1           0       -2.694883   -3.054422    0.171439 
     55          1           0       -4.239938   -3.169437    1.025747 
     56          1           0       -4.225827   -2.645089   -0.657842 
     57          6           0       -2.244293   -1.151095   -2.393939 
     58          1           0       -2.270219   -2.209832   -2.121567 
     59          1           0       -2.554112   -1.048795   -3.439392 
     60          1           0       -1.191484   -0.803265   -2.342326 
 --------------------------------------------------------------------- 
 
Table S36. Energies for singlet [cis-Ir(PNN)IrCl2]
+ 
Zero-point correction=                           0.525289 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.554126 
 Thermal correction to Enthalpy=                  0.555070 
 Thermal correction to Gibbs Free Energy=         0.470605 
 Sum of electronic and zero-point Energies=           -994.345988 
 Sum of electronic and thermal Energies=              -994.317151 
 Sum of electronic and thermal Enthalpies=            -994.316207 
 Sum of electronic and thermal Free Energies=         -994.400672 
 
Table S37. Coordinates for singlet [trans-Ir(PNN)IrCl2]
+ 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0       -0.539141   -0.467754    0.180168 
      2         15           0        1.878809   -0.131649   -0.126072 
      3          6           0       -1.809840    2.053511   -0.118375 
      4          6           0        0.365555    2.003745   -1.121499 
      5          6           0       -2.006701    3.362758   -0.544400 
      6          6           0        0.199177    3.327055   -1.542377 
      7          6           0       -0.986777    4.009962   -1.255750 
      8          1           0       -2.943438    3.859351   -0.318537 
      9          1           0        1.000869    3.800522   -2.097845 
     10          1           0       -1.119037    5.032989   -1.589406 
     11          7           0       -0.635324    1.410024   -0.401040 
     12         17           0       -0.430158    0.026825    2.598595 
     13         17           0       -0.734707   -0.955895   -2.265075 
     14          6           0        1.599061    1.209600   -1.439375 
     15          1           0        2.466006    1.869643   -1.544739 
     16          1           0        1.451361    0.683792   -2.391823 
     17          6           0       -2.794668    1.272274    0.699948 
     18          1           0       -3.810993    1.657762    0.558718 
     19          1           0       -2.531234    1.380876    1.757191 
     20          7           0       -2.725284   -0.201575    0.349429 
     21          6           0       -3.552393   -0.373098   -0.916136 
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     22          1           0       -4.516566    0.119792   -0.717476 
     23          1           0       -3.041081    0.182757   -1.708047 
     24          6           0       -3.314120   -1.024390    1.479573 
     25          1           0       -4.408716   -0.999472    1.382302 
     26          1           0       -3.049124   -0.519870    2.411424 
     27          6           0        2.903221    0.828666    1.230517 
     28          6           0        2.971654   -1.527392   -0.929496 
     29          6           0        3.967191   -0.937165   -1.939593 
     30          1           0        4.670006   -0.230529   -1.488433 
     31          1           0        4.552041   -1.768089   -2.359187 
     32          1           0        3.455721   -0.442366   -2.774030 
     33          6           0        2.075578   -2.538450   -1.659455 
     34          1           0        2.722828   -3.344423   -2.033857 
     35          1           0        1.329777   -2.986351   -0.989067 
     36          1           0        1.548208   -2.094968   -2.508403 
     37          6           0        3.713085   -2.289154    0.181266 
     38          1           0        3.023176   -2.664539    0.949785 
     39          1           0        4.205787   -3.157188   -0.278356 
     40          1           0        4.491012   -1.689262    0.662652 
     41          6           0        3.056841   -0.003713    2.515240 
     42          1           0        3.763398   -0.830346    2.393489 
     43          1           0        3.455934    0.655539    3.299548 
     44          1           0        2.099619   -0.402034    2.865327 
     45          6           0        2.160648    2.139560    1.551945 
     46          1           0        2.137532    2.825848    0.695822 
     47          1           0        1.140543    1.968748    1.911409 
     48          1           0        2.716688    2.645322    2.353770 
     49          6           0        4.300560    1.203707    0.704732 
     50          1           0        4.266751    1.787080   -0.224207 
     51          1           0        4.777835    1.833440    1.469383 
     52          1           0        4.945072    0.332070    0.551514 
     53          6           0       -2.789929   -2.457043    1.527222 
     54          1           0       -1.707885   -2.491569    1.317525 
     55          1           0       -2.931087   -2.862007    2.534998 
     56          1           0       -3.288172   -3.121475    0.818272 
     57          6           0       -3.814361   -1.800855   -1.368677 
     58          1           0       -4.533769   -2.313663   -0.722132 
     59          1           0       -4.248096   -1.758429   -2.374495 
     60          1           0       -2.894923   -2.389588   -1.435355 
 --------------------------------------------------------------------- 
 
Table S38. Energies for singlet [trans-Ir(PNN)IrCl2]
+ 
Zero-point correction=                           0.524919 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.554078 
 Thermal correction to Enthalpy=                  0.555022 
 Thermal correction to Gibbs Free Energy=         0.469205 
 Sum of electronic and zero-point Energies=           -994.341550 
 Sum of electronic and thermal Energies=              -994.312392 
 Sum of electronic and thermal Enthalpies=            -994.311447 
 Sum of electronic and thermal Free Energies=         -994.397264 
 
Table S39. Coordinates of singlet iridacycle of (PNN)IrCl3. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
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      1         77           0        0.357266   -0.322856   -0.138244 
      2         15           0       -1.915810    0.143724    0.049835 
      3          6           0        1.835576    2.153380   -0.227516 
      4          6           0       -0.500763    2.547133   -0.133239 
      5          6           0        2.106772    3.511595   -0.079343 
      6          6           0       -0.270183    3.920417    0.014760 
      7          6           0        1.039522    4.408921    0.063478 
      8          1           0        3.136370    3.852382   -0.086494 
      9          1           0       -1.121733    4.589488    0.079137 
     10          1           0        1.225465    5.469755    0.190321 
     11          7           0        0.555094    1.679522   -0.205115 
     12         17           0        0.597879   -0.339654   -2.776728 
     13         17           0        0.087572   -2.797212    0.031862 
     14          6           0       -1.888374    1.998968   -0.297675 
     15          1           0       -2.181055    2.129060   -1.349393 
     16          1           0       -2.611896    2.548094    0.313861 
     17          6           0        2.879360    1.134660   -0.553277 
     18          1           0        3.879842    1.484332   -0.262339 
     19          1           0        2.864065    1.003251   -1.643441 
     20          7           0        2.600433   -0.221481    0.052970 
     21          6           0        3.093534   -0.162296    1.481194 
     22          1           0        4.177910    0.037738    1.440372 
     23          1           0        2.619241    0.724657    1.920392 
     24          6           0        3.409744   -1.178740   -0.805126 
     25          1           0        4.406499   -0.721931   -0.935107 
     26          1           0        2.905292   -1.181373   -1.779177 
     27          6           0       -3.492586   -0.547019   -0.781736 
     28          6           0       -1.715527   -0.028397    1.954202 
     29          6           0       -2.242252    1.156849    2.763496 
     30          1           0       -3.337147    1.235087    2.703972 
     31          1           0       -1.969474    1.013019    3.819393 
     32          1           0       -1.805153    2.110352    2.438024 
     33          6           0       -0.152796   -0.110233    1.898048 
     34          1           0        0.199057   -0.968870    2.482689 
     35          1           0        0.299918    0.813936    2.298500 
     36          6           0       -2.313622   -1.335208    2.484198 
     37          1           0       -1.925960   -2.203207    1.935353 
     38          1           0       -2.023074   -1.446502    3.539107 
     39          1           0       -3.411052   -1.333970    2.434649 
     40          6           0       -3.507470   -2.076202   -0.643689 
     41          1           0       -3.600510   -2.400272    0.398688 
     42          1           0       -4.375525   -2.461057   -1.197848 
     43          1           0       -2.597152   -2.523807   -1.063287 
     44          6           0       -3.432326   -0.186101   -2.274310 
     45          1           0       -3.536325    0.892012   -2.449554 
     46          1           0       -2.493011   -0.528668   -2.730422 
     47          1           0       -4.266607   -0.686410   -2.786111 
     48          6           0       -4.727401    0.075605   -0.116342 
     49          1           0       -4.746880    1.168502   -0.224905 
     50          1           0       -5.630868   -0.323720   -0.599738 
     51          1           0       -4.777900   -0.171309    0.952652 
     52          6           0        3.583194   -2.609671   -0.320066 
     53          1           0        2.620502   -3.075586   -0.090533 
     54          1           0        4.050680   -3.178184   -1.133594 
     55          1           0        4.242824   -2.683159    0.549905 
     56          6           0        2.808234   -1.386321    2.356250 
     57          1           0        1.998037   -1.991802    1.936352 
     58          1           0        3.688751   -2.026283    2.463672 
     59          1           0        2.507407   -1.065121    3.360085 
 --------------------------------------------------------------------- 
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Table S40. Energies of singlet iridacycle of (PNN)IrCl3.  
Zero-point correction=                           0.508679 
(Hartree/Particle) 
 Thermal correction to Energy=                    0.538456 
 Thermal correction to Enthalpy=                  0.539401 
 Thermal correction to Gibbs Free Energy=         0.451143 
 Sum of electronic and zero-point Energies=           -993.916930 
 Sum of electronic and thermal Energies=              -993.887152 
 Sum of electronic and thermal Enthalpies=            -993.886208 
 Sum of electronic and thermal Free Energies=         -993.974466 
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Table S 1. Coordinates of singlet Cl2. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         17           0       0.000000    0.000000    1.010501 
      2         17           0       0.000000    0.000000   -1.01050 
 -------------------------------------------------------------------- 
 
Table S 2. Energies of singlet Cl2. 
Zero-point correction=                     0.001257(Hartree/Particle) 
Thermal correction to Energy=                    0.003806 
Thermal correction to Enthalpy=                  0.004750 
Thermal correction to Gibbs Free Energy=        -0.020560 
Sum of electronic and zero-point Energies=           -920.334819 
Sum of electronic and thermal Energies=              -920.332270 
Sum of electronic and thermal Enthalpies=            -920.331326 
Sum of electronic and thermal Free Energies=         -920.356636 
 
Table S 3. Coordinates of singlet Br2. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         35           0       0.000000    0.000000    1.156000 
      2         35           0       0.000000    0.000000   -1.156000 
 -------------------------------------------------------------------- 
 
Table S 4. Energies of singlet Br2. 
Zero-point correction=                     0.000723(Hartree/Particle) 
Thermal correction to Energy=                    0.003482 
Thermal correction to Enthalpy=                  0.004427 
Thermal correction to Gibbs Free Energy=        -0.023432 
Sum of electronic and zero-point Energies=          -5148.044942 
Sum of electronic and thermal Energies=             -5148.042183 
Sum of electronic and thermal Enthalpies=           -5148.041238 
Sum of electronic and thermal Free Energies=        -5148.069097 
 
Table S 5. Coordinates of singlet H2O2. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1          8           0       0.000000    0.718424   -0.000211 
      2          1           0       0.957525    0.866128    0.001687 
      3          8           0       0.000000   -0.718424   -0.000211 
      4          1           0      -0.957525   -0.866128    0.001687 
 -------------------------------------------------------------------- 
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Table S 6. Energies of singlet H2O2. 
Zero-point correction=                     0.026029(Hartree/Particle) 
Thermal correction to Energy=                    0.028914 
Thermal correction to Enthalpy=                  0.029858 
Thermal correction to Gibbs Free Energy=         0.004571 
Sum of electronic and zero-point Energies=           -151.451750 
Sum of electronic and thermal Energies=              -151.448865 
Sum of electronic and thermal Enthalpies=            -151.447921 
Sum of electronic and thermal Free Energies=         -151.473208 
 
Table S 7. Coordinates of singlet trans-(NH3)2(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77           0      -0.077880   -0.001903   -0.000045 
      2          7           0       0.095342   -2.085722    0.000159 
      3          1           0      -0.308739   -2.536366    0.825034 
      4          1           0      -0.309620   -2.536634   -0.824122 
      5          7           0       0.105251    2.088979    0.000170 
      6          1           0       0.650699    2.375017    0.819482 
      7          1           0       0.651881    2.374765   -0.818442 
      8          1           0       1.103425   -2.284187   -0.000266 
      9          1           0      -0.759769    2.631596   -0.000517 
     10          6           0      -1.881510   -0.001800    0.000007                     
     11          8           0      -3.049196    0.013430    0.000012 
     12         17           0       2.308668    0.000170   -0.000010 
 -------------------------------------------------------------------- 
 
Table S 8. Energies of singlet trans-(NH3)2(CO)IrCl. 
Zero-point correction=                    0.088373(Hartree/Particle) 
Thermal correction to Energy=                    0.096927 
Thermal correction to Enthalpy=                  0.097871 
Thermal correction to Gibbs Free Energy=         0.053304 
Sum of electronic and zero-point Energies=           -791.248359 
Sum of electronic and thermal Energies=              -791.239805 
Sum of electronic and thermal Enthalpies=            -791.238861 
Sum of electronic and thermal Free Energies=         -791.283428 
 
Table S 9. Coordinates of singlet 16
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000013   -0.066426   -0.001120 
      2          7          0       -0.000116    0.088526    2.070134 
      3          1          0       -0.839517   -0.306738    2.504270 
      4          1          0        0.838275   -0.308274    2.504791 
      5          7          0        0.000123    0.151442   -2.079816 
      6          1          0       -0.828980    0.698965   -2.336471 
      7          1          0        0.829302    0.698910   -2.336342 
      8          1          0        0.000715    1.101531    2.250096 
      9          1          0        0.000143   -0.703865   -2.638937 
     10          6          0       -0.000363   -1.911802   -0.013088 
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     11          8          0       -0.000573   -3.059677   -0.026056 
     12         17          0        0.000475    2.322744    0.015383 
     13         17          0        2.386218   -0.038220    0.006890 
     14         17          0       -2.386238   -0.037307    0.006760 
 -------------------------------------------------------------------- 
 
Table S 10. Energies of singlet 16
S
. 
Zero-point correction=                     0.092344(Hartree/Particle) 
Thermal correction to Energy=                    0.104029 
Thermal correction to Enthalpy=                  0.104973 
Thermal correction to Gibbs Free Energy=         0.053305 
Sum of electronic and zero-point Energies=          -1711.705486 
Sum of electronic and thermal Energies=             -1711.693801 
Sum of electronic and thermal Enthalpies=           -1711.692857 
Sum of electronic and thermal Free Energies=        -1711.744525 
 
Table S 11. Coordinates of triplet 16
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.090621    0.004817   -0.002158 
      2          7          0        0.189528   -0.017928    2.423078 
      3          1          0       -0.107100    0.833146    2.903627 
      4          1          0       -0.214141   -0.825745    2.900165 
      5          7          0        0.359763   -0.004094   -2.407632 
      6          1          0        1.024909    0.759609   -2.548410 
      7          1          0        0.860550   -0.877717   -2.585367 
      8          1          0        1.209621   -0.082777    2.487143 
      9          1          0       -0.390636    0.086027   -3.093332 
     10          6          0       -1.949450    0.106621   -0.041817 
     11          8          0       -3.093410    0.166739   -0.063822 
     12         17          0        2.299396   -0.126928    0.058089 
     13         17          0       -0.187430   -2.327744   -0.014239 
     14         17          0        0.075889    2.332147    0.000602 
 -------------------------------------------------------------------- 
 
Table S 12. Energies of triplet 16
T
. 
 
Zero-point correction=                     0.087297(Hartree/Particle) 
Thermal correction to Energy=                    0.101737 
Thermal correction to Enthalpy=                  0.102681 
Thermal correction to Gibbs Free Energy=         0.042823 
Sum of electronic and zero-point Energies=          -1711.630794 
Sum of electronic and thermal Energies=             -1711.616355 
Sum of electronic and thermal Enthalpies=           -1711.615411 
Sum of electronic and thermal Free Energies=        -1711.675269 
 
Table S 13. Coordinates of singlet trans-(NH3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
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      1         77          0       -0.392061   -0.002420   -0.000015 
      2          7          0       -0.246692   -2.092004   -0.000050 
      3          1          0       -0.664597   -2.531979    0.823960 
      4          1          0       -0.664341   -2.531958   -0.824201 
      5          7          0       -0.222715    2.092037   -0.000057 
      6          1          0        0.317776    2.387579    0.819318 
      7          1          0        0.320451    2.387032   -0.817861 
      8          1          0        0.753707   -2.325300    0.000093 
      9          1          0       -1.094767    2.623857   -0.001605 
     10          6          0       -2.198071    0.002415    0.000043 
     11          8          0       -3.364985    0.022780    0.000094 
     12         35          0        2.131847   -0.000568    0.000033 
 -------------------------------------------------------------------- 
 
Table S 14. Energies of singlet trans-(NH3)2(CO)IrBr. 
Zero-point correction=                     0.088020(Hartree/Particle) 
Thermal correction to Energy=                    0.096790 
Thermal correction to Enthalpy=                  0.097734 
Thermal correction to Gibbs Free Energy=         0.051897 
Sum of electronic and zero-point Energies=          -2905.085915 
Sum of electronic and thermal Energies=             -2905.077146 
Sum of electronic and thermal Enthalpies=           -2905.076201 
Sum of electronic and thermal Free Energies=        -2905.122038 
 
Table S 15. Coordinates of singlet 17
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000012    0.264155   -0.003339 
      2          7          0        0.000085    0.125457    2.077178 
      3          1          0        0.837739    0.529844    2.506986 
      4          1          0       -0.836586    0.531343    2.507457 
      5          7          0       -0.000049    0.065737   -2.090508 
      6          1          0        0.827826   -0.474710   -2.365842 
      7          1          0       -0.827819   -0.474918   -2.365753 
      8          1          0       -0.000721   -0.881634    2.286369 
      9          1          0       -0.000191    0.933847   -2.630312 
     10          6          0        0.000079    2.115133   -0.013645 
     11          8          0        0.000112    3.262887   -0.028206 
     12         35          0       -2.534400    0.270142    0.007401 
     13         35          0       -0.000115   -2.272588    0.005778 
     14         35          0        2.534435    0.269989    0.007365 
 -------------------------------------------------------------------- 
 
Table S 16. Energies of singlet 17
S
. 
Zero-point correction=                     0.090994(Hartree/Particle) 
Thermal correction to Energy=                    0.103521 
Thermal correction to Enthalpy=                  0.104465 
Thermal correction to Gibbs Free Energy=         0.048816 
Sum of electronic and zero-point Energies=          -8053.226213 
Sum of electronic and thermal Energies=             -8053.213686 
Sum of electronic and thermal Enthalpies=           -8053.212742 
Sum of electronic and thermal Free Energies=        -8053.268391 
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Table S 17. Coordinates of triplet 17
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000059    0.048393    0.114676 
      2          7          0        0.001037   -0.190902    2.210000 
      3          1          0        0.833000    0.216536    2.647790 
      4          1          0       -0.829601    0.217781    2.649109 
      5          7          0       -0.000310    0.049723   -2.003771 
      6          1          0        0.831749   -0.441696   -2.346642 
      7          1          0       -0.834491   -0.438226   -2.346480 
      8          1          0        0.000475   -1.194877    2.423942 
      9          1          0        0.001659    0.979562   -2.429421 
     10          6          0       -0.000118    1.932935    0.302337 
     11          8          0       -0.000635    3.068628    0.449048 
     12         35          0       -2.718860    0.660938   -0.225348 
     13         35          0       -0.000042   -2.414183   -0.014075 
     14         35          0        2.718713    0.661138   -0.225673 
 -------------------------------------------------------------------- 
 
Table S 18. Energies of triplet 17
T
. 
Zero-point correction=                     0.089124(Hartree/Particle) 
Thermal correction to Energy=                    0.102669 
Thermal correction to Enthalpy=                  0.103613 
Thermal correction to Gibbs Free Energy=         0.042340 
Sum of electronic and zero-point Energies=          -8053.149691 
Sum of electronic and thermal Energies=             -8053.136146 
Sum of electronic and thermal Enthalpies=           -8053.135201 
Sum of electronic and thermal Free Energies=        -8053.196474 
 
Table S 19. Coordinates of singlet trans-(NH3)2(CO)Ir(OH). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.086295   -0.000014   -0.001138 
      2          7          0       -0.344242    2.067879   -0.040658 
      3          1          0       -0.028474    2.579538    0.786620 
      4          1          0        0.051052    2.531349   -0.862012 
      5          7          0       -0.345924   -2.067576   -0.040723 
      6          1          0       -0.031914   -2.579163    0.787289 
      7          1          0       -1.371967   -2.129606   -0.098714 
      8          1          0       -1.370204    2.131458   -0.097571 
      9          1          0        0.049956   -2.531957   -0.861249 
     10          6          0        1.726220   -0.000456    0.011041 
     11          8          0        2.895736   -0.000788    0.045495 
     12          8          0       -2.111395    0.000757   -0.036864 
     13          1          0       -2.454656    0.000303    0.867603 
 -------------------------------------------------------------------- 
 
Table S 20. Energies of singlet trans-(NH3)2(CO)Ir(OH). 
Zero-point correction=                     0.100058(Hartree/Particle) 
Thermal correction to Energy=                    0.109357 
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Thermal correction to Enthalpy=                  0.110301 
Thermal correction to Gibbs Free Energy=         0.065193 
Sum of electronic and zero-point Energies=           -406.792983 
Sum of electronic and thermal Energies=              -406.783684 
Sum of electronic and thermal Enthalpies=            -406.782740 
Sum of electronic and thermal Free Energies=         -406.827848 
 
Table S 21. Coordinates of singlet 18
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.056601    0.002577    0.004333 
      2          7          0       -0.267422   -1.783148   -1.014191 
      3          1          0        0.309761   -1.969154   -1.834369 
      4          1          0       -0.135853   -2.504844   -0.291968 
      5          7          0       -0.305287    1.830159    0.946295 
      6          1          0       -0.229669    2.450760    0.121484 
      7          1          0       -1.287515    1.833629    1.243559 
      8          1          0       -1.260677   -1.779157   -1.277736 
      9          1          0        0.296230    2.147593    1.705756 
     10          6          0        1.785333    0.019998   -0.015608 
     11          8          0        2.942658    0.008345   -0.008580 
     12          8          0       -0.299491   -1.304690    1.561391 
     13          1          0        0.373863   -1.185573    2.240061 
     14          8          0       -2.057377   -0.002890   -0.030200 
     15          1          0       -2.315232   -0.530029    0.742138 
     16          8          0       -0.203659    1.256091   -1.599683 
     17          1          0       -1.152736    1.234455   -1.797101 
 -------------------------------------------------------------------- 
 
Table S 22. Energies of singlet 18
S
. 
Zero-point correction=                     0.129761(Hartree/Particle) 
Thermal correction to Energy=                    0.141800 
Thermal correction to Enthalpy=                  0.142744 
Thermal correction to Gibbs Free Energy=         0.092454 
Sum of electronic and zero-point Energies=           -558.359877 
Sum of electronic and thermal Energies=              -558.347838 
Sum of electronic and thermal Enthalpies=            -558.346894 
Sum of electronic and thermal Free Energies=         -558.397184 
 
Table S 23. Coordinates of triplet 18
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.087375    0.033389    0.021230 
      2          7          0        0.118322   -2.023869   -0.161718 
      3          1          0        0.631591   -2.346871   -0.984089 
      4          1          0        0.514394   -2.453402    0.677249 
      5          7          0       -0.525937    2.107280    0.133247 
      6          1          0       -0.652853    2.390207   -0.844702 
      7          1          0       -1.393352    2.313192    0.635218 
      8          1          0       -0.893165   -2.246357   -0.230134 
      9          1          0        0.233654    2.670645    0.525922 
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     10          6          0        1.898772    0.512842   -0.008609 
     11          8          0        2.847550   -0.149459   -0.217536 
     12          8          0       -0.124546   -0.235817    1.958779 
     13          1          0        0.569974    0.256696    2.417790 
     14          8          0       -2.099004   -0.629295   -0.119862 
     15          1          0       -2.487581   -0.623639    0.765365 
     16          8          0       -0.276292    0.262928   -1.899720 
     17          1          0       -1.115771   -0.179192   -2.119678 
 -------------------------------------------------------------------- 
 
Table S 24. Energies of triplet 18
T
. 
Zero-point correction=                     0.126094(Hartree/Particle) 
Thermal correction to Energy=                    0.139615 
Thermal correction to Enthalpy=                  0.140559 
Thermal correction to Gibbs Free Energy=         0.085079 
Sum of electronic and zero-point Energies=           -558.275836 
Sum of electronic and thermal Energies=              -558.262315 
Sum of electronic and thermal Enthalpies=            -558.261371 
Sum of electronic and thermal Free Energies=         -558.316851 
 
Table S 25. Coordinates of singlet trans-(NMe3)2(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000017    0.082414   -0.000068 
      2          7          0        2.165792   -0.007626    0.000065 
      3          7          0       -2.165772   -0.007778    0.000043 
      4          6          0        2.803312    1.324209   -0.000681 
      5          1          0        3.903128    1.210210   -0.000633 
      6          1          0        2.496843    1.882576   -0.895410 
      7          1          0        2.496839    1.883637    0.893365 
      8          6          0        2.644914   -0.720967    1.205193 
      9          1          0        2.220569   -1.731811    1.225895 
     10          1          0        3.750079   -0.772786    1.189123 
     11          1          0        2.314708   -0.171543    2.097996 
     12          6          0        2.645152   -0.722353   -1.204103 
     13          1          0        2.314810   -0.174204   -2.097637 
     14          1          0        3.750348   -0.773810   -1.187972 
     15          1          0        2.221187   -1.733386   -1.223494 
     16          6          0       -2.644689   -0.721853    1.204826 
     17          1          0       -3.749844   -0.774012    1.188745 
     18          1          0       -2.220039   -1.732575    1.225014 
     19          1          0       -2.314681   -0.172745    2.097885 
     20          6          0       -2.803413    1.324028    0.000232 
     21          1          0       -2.497231    1.882997   -0.894212 
     22          1          0       -3.903223    1.209896    0.000510 
     23          1          0       -2.496763    1.882911    0.894552 
     24          6          0       -2.645282   -0.721691   -1.204543 
     25          1          0       -2.221226   -1.732670   -1.224839 
     26          1          0       -3.750468   -0.773306   -1.188299 
     27          1          0       -2.315076   -0.172770   -2.097662 
     28          6          0       -0.000100    1.878447   -0.000144 
     29          8          0       -0.000112    3.047739   -0.000102 
     30         17          0        0.000161   -2.335027   -0.000137 
 -------------------------------------------------------------------- 
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Table S 26. Energies of singlet trans-(NMe3)2(CO)IrCl. 
Zero-point correction=                     0.255501(Hartree/Particle) 
Thermal correction to Energy=                    0.271743 
Thermal correction to Enthalpy=                  0.272687 
Thermal correction to Gibbs Free Energy=         0.211773 
Sum of electronic and zero-point Energies=          -1026.710696 
Sum of electronic and thermal Energies=             -1026.694454 
Sum of electronic and thermal Enthalpies=           -1026.693510 
Sum of electronic and thermal Free Energies=        -1026.754424 
 
Table S 27. Coordinates of singlet 19
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000010    0.000486    0.059036 
      2          7          0       -2.209398   -0.007337   -0.068799 
      3          7          0        2.209685   -0.007566   -0.069335 
      4          6          0       -2.810940   -0.142866    1.274591 
      5          1          0       -3.911118   -0.158412    1.185152 
      6          1          0       -2.476199   -1.082753    1.735828 
      7          1          0       -2.516133    0.712975    1.898232 
      8          6          0       -2.739150    1.243167   -0.672930 
      9          1          0       -2.294166    1.382667   -1.665765 
     10          1          0       -3.835377    1.147863   -0.756554 
     11          1          0       -2.481381    2.098550   -0.040464 
     12          6          0       -2.712014   -1.133967   -0.900470 
     13          1          0       -2.441715   -2.087329   -0.435803 
     14          1          0       -3.809213   -1.043340   -0.974638 
     15          1          0       -2.258040   -1.076703   -1.897487 
     16          6          0        2.739289    1.242681   -0.673840 
     17          1          0        3.835529    1.147244   -0.757445 
     18          1          0        2.294022    1.381297   -1.666770 
     19          1          0        2.481431    2.098159   -0.041515 
     20          6          0        2.811484   -0.142763    1.273786 
     21          1          0        2.476975   -1.082274    1.735703 
     22          1          0        3.911665   -0.158417    1.183927 
     23          1          0        2.517147    0.713564    1.897066 
     24          6          0        2.711587   -1.134393   -0.901457 
     25          1          0        2.258003   -1.076524   -1.898544 
     26          1          0        3.808946   -1.044784   -0.975111 
     27          1          0        2.440381   -2.087631   -0.436993 
     28          6          0        0.000540   -0.087942    1.894296 
     29          8          0        0.000471   -0.134978    3.042183 
     30         17          0       -0.001139    0.148562   -2.339267 
     31         17          0       -0.000031   -2.410787    0.051831 
     32         17          0        0.000549    2.397466    0.301028 
 -------------------------------------------------------------------- 
 
Table S 28. Energies of singlet 19
S
. 
Zero-point correction=                     0.260004(Hartree/Particle) 
Thermal correction to Energy=                    0.279144 
Thermal correction to Enthalpy=                  0.280088 
Thermal correction to Gibbs Free Energy=         0.213422 
Sum of electronic and zero-point Energies=          -1947.161082 
Sum of electronic and thermal Energies=             -1947.141942 
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Sum of electronic and thermal Enthalpies=           -1947.140998 
Sum of electronic and thermal Free Energies=        -1947.207665 
 
Table S 29. Coordinates of triplet 19
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.007370   -0.058748    0.000853 
      2          7          0        2.589574   -0.065290   -0.001343 
      3          7          0       -2.612548    0.097558   -0.001498 
      4          6          0        3.024186   -1.457377   -0.001715 
      5          1          0        4.131076   -1.528219   -0.002236 
      6          1          0        2.642062   -1.969102    0.895677 
      7          1          0        2.641231   -1.968805   -0.898928 
      8          6          0        3.080224    0.622612   -1.195172 
      9          1          0        2.679599    1.645961   -1.218271 
     10          1          0        4.188372    0.658331   -1.183076 
     11          1          0        2.747246    0.092253   -2.098114 
     12          6          0        3.081094    0.622380    1.192311 
     13          1          0        2.749550    0.091297    2.095373 
     14          1          0        4.189206    0.658824    1.179031 
     15          1          0        2.679850    1.645482    1.216383 
     16          6          0       -3.138650   -0.563136   -1.191871 
     17          1          0       -4.246861   -0.515521   -1.201309 
     18          1          0       -2.750222   -0.076673   -2.096991 
     19          1          0       -2.835714   -1.621802   -1.203485 
     20          6          0       -3.140410   -0.556091    1.192005 
     21          1          0       -2.755577   -0.062423    2.094735 
     22          1          0       -4.248741   -0.510661    1.198247 
     23          1          0       -2.835321   -1.614009    1.211864 
     24          6          0       -2.982789    1.510614   -0.005789 
     25          1          0       -2.564931    2.002313   -0.895789 
     26          1          0       -4.087150    1.617388   -0.006775 
     27          1          0       -2.565922    2.007300    0.881899 
     28          6          0       -0.155576   -1.907669    0.002355 
     29          8          0       -0.269722   -3.049791    0.003108 
     30         17          0        0.225764    2.310304   -0.000925 
     31         17          0       -0.013401   -0.020511    2.324969 
     32         17          0       -0.013251   -0.024140   -2.323553 
 -------------------------------------------------------------------- 
 
Table S 30. Energies of triplet 19
T
. 
Zero-point correction=                     0.255280(Hartree/Particle) 
Thermal correction to Energy=                    0.276294 
Thermal correction to Enthalpy=                  0.277238 
Thermal correction to Gibbs Free Energy=         0.203304 
Sum of electronic and zero-point Energies=          -1947.105136 
Sum of electronic and thermal Energies=             -1947.084122 
Sum of electronic and thermal Enthalpies=           -1947.083177 
Sum of electronic and thermal Free Energies=        -1947.157112 
 
Table S 31. Coordinates of singlet trans-(NMe3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
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 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000029    0.311667   -0.000040 
      2          7          0        2.174801    0.249496    0.000068 
      3          7          0       -2.174775    0.249547    0.000079 
      4          6          0        2.789576    1.593309    0.000075 
      5          1          0        3.890867    1.497284    0.000110 
      6          1          0        2.475602    2.147046   -0.894745 
      7          1          0        2.475537    2.147099    0.894834 
      8          6          0        2.673258   -0.449908    1.205873 
      9          1          0        2.280095   -1.472970    1.229753 
     10          1          0        3.779395   -0.469884    1.190236 
     11          1          0        2.327248    0.090467    2.098164 
     12          6          0        2.673432   -0.449997   -1.205606 
     13          1          0        2.327400    0.090188   -2.098004 
     14          1          0        3.779574   -0.469775   -1.189921 
     15          1          0        2.280457   -1.473134   -1.229369 
     16          6          0       -2.673197   -0.449939    1.205828 
     17          1          0       -3.779342   -0.469674    1.190398 
     18          1          0       -2.280302   -1.473123    1.229411 
     19          1          0       -2.326877    0.090115    2.098188 
     20          6          0       -2.789402    1.593432    0.000197 
     21          1          0       -2.475397    2.147206   -0.894599 
     22          1          0       -3.890708    1.497614    0.000330 
     23          1          0       -2.475152    2.147099    0.894959 
     24          6          0       -2.673581   -0.449840   -1.205600 
     25          1          0       -2.280615   -1.472976   -1.229533 
     26          1          0       -3.779713   -0.469659   -1.189738 
     27          1          0       -2.327732    0.090468   -2.097997 
     28          6          0        0.000091    2.109447   -0.000143 
     29          8          0        0.000102    3.278123   -0.000191 
     30         35          0       -0.000006   -2.253401   -0.000074 
 -------------------------------------------------------------------- 
 
Table S 32. Energies of singlet trans-(NMe3)2(CO)IrBr. 
Zero-point correction=                     0.255975(Hartree/Particle) 
Thermal correction to Energy=                    0.272168 
Thermal correction to Enthalpy=                  0.273112 
Thermal correction to Gibbs Free Energy=         0.212142 
Sum of electronic and zero-point Energies=          -3140.545028 
Sum of electronic and thermal Energies=             -3140.528835 
Sum of electronic and thermal Enthalpies=           -3140.527891 
Sum of electronic and thermal Free Energies=        -3140.588861 
 
Table S 33. Coordinates of singlet 20
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000076   -0.000027    0.187614 
      2          7          0       -0.004855    2.233279    0.086101 
      3          7          0        0.005205   -2.233319    0.085557 
      4          6          0       -0.005200    2.805855    1.450363 
      5          1          0       -0.007532    3.907688    1.385215 
      6          1          0       -0.905643    2.478915    1.988835 
      7          1          0        0.897262    2.482623    1.987694 
      8          6          0        1.184281    2.781247   -0.619469 
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      9          1          0        1.235926    2.362026   -1.631542 
     10          1          0        1.076921    3.878381   -0.671105 
     11          1          0        2.094825    2.520157   -0.071532 
     12          6          0       -1.197222    2.776239   -0.617918 
     13          1          0       -2.105971    2.511288   -0.068857 
     14          1          0       -1.094560    3.873812   -0.669603 
     15          1          0       -1.248408    2.356844   -1.629934 
     16          6          0        1.196576   -2.775871   -0.620483 
     17          1          0        1.094141   -3.873470   -0.672125 
     18          1          0        1.245961   -2.356404   -1.632544 
     19          1          0        2.106124   -2.510709   -0.072862 
     20          6          0        0.007845   -2.806278    1.449655 
     21          1          0       -0.893904   -2.483497    1.988468 
     22          1          0        0.010399   -3.908094    1.384179 
     23          1          0        0.908994   -2.479203    1.986862 
     24          6          0       -1.184948   -2.781352   -0.618209 
     25          1          0       -1.238626   -2.361592   -1.629945 
     26          1          0       -1.077270   -3.878417   -0.670651 
     27          1          0       -2.094607   -2.520931   -0.068491 
     28          6          0        0.000631   -0.000333    2.030235 
     29          8          0        0.000922   -0.000525    3.179144 
     30         35          0        2.561995    0.005559    0.366270 
     31         35          0       -2.561669   -0.005671    0.367820 
     32         35          0       -0.001226    0.000401   -2.363751 
 -------------------------------------------------------------------- 
 
Table S 34. Energies of singlet 20
S
. 
Zero-point correction=                     0.259064(Hartree/Particle) 
Thermal correction to Energy=                    0.279033 
Thermal correction to Enthalpy=                  0.279977 
Thermal correction to Gibbs Free Energy=         0.209490 
Sum of electronic and zero-point Energies=          -8288.674743 
Sum of electronic and thermal Energies=             -8288.654774 
Sum of electronic and thermal Enthalpies=           -8288.653830 
Sum of electronic and thermal Free Energies=        -8288.724317 
 
Table S 35. Coordinates of triplet 20
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.065255   -0.326892   -0.000507 
      2          7          0        2.667683   -0.388791   -0.000385 
      3          7          0       -2.608317   -0.334410   -0.000331 
      4          6          0        3.134154    0.993810   -0.000163 
      5          1          0        4.242461    1.037491   -0.000116 
      6          1          0        2.764799    1.515106   -0.897236 
      7          1          0        2.764729    1.514841    0.897035 
      8          6          0        3.157661   -1.085618    1.189503 
      9          1          0        2.738182   -2.102080    1.219782 
     10          1          0        4.264827   -1.143080    1.165361 
     11          1          0        2.849627   -0.546563    2.096066 
     12          6          0        3.157719   -1.085258   -1.190463 
     13          1          0        2.849929   -0.545810   -2.096878 
     14          1          0        4.264872   -1.142914   -1.166182 
     15          1          0        2.738084   -2.101644   -1.221177 
     16          6          0       -3.106688    0.351606    1.187234 
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     17          1          0       -4.216058    0.376632    1.180985 
     18          1          0       -2.769505   -0.166908    2.095079 
     19          1          0       -2.735521    1.388086    1.212792 
     20          6          0       -3.106761    0.351131   -1.188145 
     21          1          0       -2.769714   -0.167812   -2.095796 
     22          1          0       -4.216130    0.376242   -1.181794 
     23          1          0       -2.735519    1.387571   -1.214199 
     24          6          0       -3.061456   -1.722701   -0.000046 
     25          1          0       -2.674846   -2.241679    0.889011 
     26          1          0       -4.170446   -1.765867    0.000013 
     27          1          0       -2.674918   -2.242003   -0.888945 
     28          6          0       -0.035630    1.528342   -0.000449 
     29          8          0       -0.118580    2.673809   -0.000466 
     30         35          0        0.035468   -0.344349    2.467288 
     31         35          0        0.035372   -0.344233   -2.468270 
     32         35          0        0.186975   -2.851819   -0.000613 
 -------------------------------------------------------------------- 
 
Table S 36. Energies of triplet 20
T
. 
Zero-point correction=                     0.253665(Hartree/Particle) 
Thermal correction to Energy=                    0.275615 
Thermal correction to Enthalpy=                  0.276559 
Thermal correction to Gibbs Free Energy=         0.199216 
Sum of electronic and zero-point Energies=          -8288.623969 
Sum of electronic and thermal Energies=             -8288.602018 
Sum of electronic and thermal Enthalpies=           -8288.601074 
Sum of electronic and thermal Free Energies=        -8288.678417 
 
Table S 37. Coordinates of singlet trans-(NMe3)2(CO)Ir(OH). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.007886   -0.031215   -0.020715 
      2          7          0       -2.153596   -0.115389    0.017544 
      3          7          0        2.150963   -0.189116    0.015897 
      4          6          0       -2.808647    1.201775    0.073943 
      5          1          0       -3.907306    1.073296    0.106008 
      6          1          0       -2.476826    1.740095    0.972185 
      7          1          0       -2.534985    1.789377   -0.813211 
      8          6          0       -2.634116   -0.817815   -1.189020 
      9          1          0       -2.153157   -1.803024   -1.224467 
     10          1          0       -3.735347   -0.925366   -1.146721 
     11          1          0       -2.352936   -0.235689   -2.078137 
     12          6          0       -2.565832   -0.891765    1.207380 
     13          1          0       -2.257401   -0.348099    2.111637 
     14          1          0       -3.665576   -1.016780    1.206772 
     15          1          0       -2.059820   -1.864824    1.171021 
     16          6          0        2.793945    0.766028   -0.906304 
     17          1          0        3.894099    0.651050   -0.860328 
     18          1          0        2.444279    0.571598   -1.929516 
     19          1          0        2.523859    1.793798   -0.630512 
     20          6          0        2.605868    0.103587    1.389837 
     21          1          0        2.152351   -0.619651    2.081501 
     22          1          0        3.710025    0.030219    1.445388 
     23          1          0        2.288816    1.115438    1.675289 
     24          6          0        2.628258   -1.541365   -0.335454 
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     25          1          0        2.388173   -1.744147   -1.389667 
     26          1          0        3.724641   -1.593474   -0.201286 
     27          1          0        2.114188   -2.277305    0.294413 
     28          6          0        0.074913    1.771415   -0.020611 
     29          8          0        0.141024    2.943345   -0.030539 
     30          8          0       -0.165560   -2.055068    0.034468 
     31          1          0        0.158555   -2.458767   -0.779456 
 -------------------------------------------------------------------- 
 
Table S 38. Energies of singlet trans-(NMe3)2(CO)Ir(OH). 
Zero-point correction=                     0.267727(Hartree/Particle) 
Thermal correction to Energy=                    0.283881 
Thermal correction to Enthalpy=                  0.284825 
Thermal correction to Gibbs Free Energy=         0.224708 
Sum of electronic and zero-point Energies=           -642.256197 
Sum of electronic and thermal Energies=              -642.240043 
Sum of electronic and thermal Enthalpies=            -642.239098 
Sum of electronic and thermal Free Energies=         -642.299216 
 
Table S 39. Coordinates of singlet 21
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.002461   -0.022207    0.000124 
      2          7          0       -2.165289   -0.138452   -0.028606 
      3          7          0        2.164799   -0.141588    0.081752 
      4          6          0       -2.766793    1.054359    0.598488 
      5          1          0       -3.863766    0.935665    0.649948 
      6          1          0       -2.350174    1.152185    1.609335 
      7          1          0       -2.534119    1.950352    0.006147 
      8          6          0       -2.653961   -0.260178   -1.412402 
      9          1          0       -2.145361   -1.100117   -1.902639 
     10          1          0       -3.747584   -0.417817   -1.408851 
     11          1          0       -2.430039    0.663560   -1.966359 
     12          6          0       -2.626632   -1.320083    0.746507 
     13          1          0       -2.224153   -1.228921    1.763181 
     14          1          0       -3.730455   -1.328376    0.746560 
     15          1          0       -2.208122   -2.224008    0.294332 
     16          6          0        2.777822    0.911728   -0.752019 
     17          1          0        3.872781    0.770649   -0.786367 
     18          1          0        2.348647    0.834686   -1.760158 
     19          1          0        2.562326    1.901072   -0.324754 
     20          6          0        2.621769   -0.000665    1.476320 
     21          1          0        2.102729   -0.740823    2.098669 
     22          1          0        3.717125   -0.138663    1.522961 
     23          1          0        2.373626    1.006611    1.840900 
     24          6          0        2.645022   -1.446338   -0.432968 
     25          1          0        2.322201   -1.542585   -1.477445 
     26          1          0        3.747323   -1.464308   -0.371197 
     27          1          0        2.196070   -2.249622    0.160540 
     28          6          0        0.014138    1.810577   -0.083654 
     29          8          0        0.025111    2.969178   -0.181838 
     30          8          0       -0.267712   -0.135681    2.026503 
     31          1          0        0.048031    0.670956    2.449288 
     32          8          0        0.291390   -0.359342   -2.006065 
     33          1          0       -0.116076    0.329909   -2.541970 
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     34          8          0       -0.034124   -2.016599    0.044152 
     35          1          0        0.066387   -2.267045   -0.887363 
 -------------------------------------------------------------------- 
 
Table S 40. Energies of singlet 21
S
. 
Zero-point correction=                     0.296849(Hartree/Particle) 
Thermal correction to Energy=                    0.316146 
Thermal correction to Enthalpy=                  0.317091 
Thermal correction to Gibbs Free Energy=         0.251735 
Sum of electronic and zero-point Energies=           -793.822462 
Sum of electronic and thermal Energies=              -793.803165 
Sum of electronic and thermal Enthalpies=            -793.802221 
Sum of electronic and thermal Free Energies=         -793.867576 
 
Table S 41. Coordinates of triplet 21
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.006321    0.060182   -0.022139 
      2          7          0       -2.572242   -0.245957    0.023517 
      3          7          0        2.570415   -0.273172    0.069592 
      4          6          0       -3.211444    1.001474    0.398489 
      5          1          0       -4.313676    0.889062    0.479025 
      6          1          0       -2.822023    1.334495    1.373820 
      7          1          0       -2.993417    1.777694   -0.352397 
      8          6          0       -2.988871   -0.684692   -1.297943 
      9          1          0       -2.425184   -1.589503   -1.566932 
     10          1          0       -4.076138   -0.910494   -1.318525 
     11          1          0       -2.775098    0.096161   -2.043448 
     12          6          0       -2.821713   -1.289435    1.012918 
     13          1          0       -2.488262   -0.939606    1.999717 
     14          1          0       -3.901269   -1.545590    1.045825 
     15          1          0       -2.212687   -2.166809    0.751293 
     16          6          0        3.231938    0.890225   -0.492301 
     17          1          0        4.336221    0.769645   -0.499677 
     18          1          0        2.889399    1.043881   -1.527879 
     19          1          0        2.984082    1.786316    0.098471 
     20          6          0        2.922070   -0.465713    1.467144 
     21          1          0        2.329546   -1.295635    1.877658 
     22          1          0        4.005288   -0.684837    1.578677 
     23          1          0        2.685173    0.443713    2.040307 
     24          6          0        2.873392   -1.470203   -0.702709 
     25          1          0        2.566214   -1.316643   -1.747962 
     26          1          0        3.960110   -1.696037   -0.670526 
     27          1          0        2.296031   -2.309766   -0.291632 
     28          6          0        0.031655    1.905966   -0.015465 
     29          8          0        0.058848    3.064088   -0.062449 
     30          8          0       -0.119176   -0.144509    1.915995 
     31          1          0       -0.100509    0.697050    2.390629 
     32          8          0        0.133851   -0.136595   -1.966454 
     33          1          0        0.185266    0.700686   -2.445339 
     34          8          0       -0.059379   -1.934941   -0.056374 
     35          1          0        0.035126   -2.193937   -0.984738 
 -------------------------------------------------------------------- 
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Table S 42. Energies of triplet 21
T
. 
Zero-point correction=                     0.293999(Hartree/Particle) 
Thermal correction to Energy=                    0.314507 
Thermal correction to Enthalpy=                  0.315452 
Thermal correction to Gibbs Free Energy=         0.244559 
Sum of electronic and zero-point Energies=           -793.784163 
Sum of electronic and thermal Energies=              -793.763655 
Sum of electronic and thermal Enthalpies=            -793.762711 
Sum of electronic and thermal Free Energies=         -793.833604 
 
Table S 43. Coordinates of singlet (dmpe)(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.069311   -0.642892   -0.018657 
      2         15          0        1.512374    1.070919    0.001497 
      3         15          0       -1.588836    1.039294    0.005316 
      4          6          0       -0.745530    2.683530   -0.198802 
      5          1          0       -1.377358    3.502162    0.185963 
      6          1          0       -0.637453    2.838063   -1.288036 
      7          6          0        0.621563    2.638590    0.469255 
      8          1          0        1.241577    3.515749    0.213199 
      9          1          0        0.521308    2.618245    1.569737 
     10          6          0        2.325997    1.514262   -1.587142 
     11          1          0        2.970785    2.402257   -1.479302 
     12          1          0        2.932286    0.657426   -1.919655 
     13          1          0        1.557940    1.698461   -2.353729 
     14          6          0        2.934121    1.037287    1.157067 
     15          1          0        3.575999    0.180187    0.899222 
     16          1          0        3.523128    1.967094    1.098276 
     17          1          0        2.562478    0.890779    2.182144 
     18          6          0       -2.894657    1.006786   -1.268580 
     19          1          0       -3.412196    0.039384   -1.178738 
     20          1          0       -3.607264    1.836371   -1.138950 
     21          1          0       -2.430145    1.057936   -2.264279 
     22          6          0       -2.514318    1.150372    1.579319 
     23          1          0       -3.256053    1.964821    1.558136 
     24          1          0       -3.017347    0.182367    1.729575 
     25          1          0       -1.809497    1.299953    2.410684 
     26         17          0       -1.757734   -2.185646   -0.015707 
     27          6          0        1.469146   -1.880032    0.015041 
     28          8          0        2.396922   -2.568814    0.047526 
 -------------------------------------------------------------------- 
 
Table S 44. Energies of singlet (dmpe)(CO)IrCl. 
Zero-point correction=                     0.217296(Hartree/Particle) 
Thermal correction to Energy=                    0.235474 
Thermal correction to Enthalpy=                  0.236419 
Thermal correction to Gibbs Free Energy=         0.170592 
Sum of electronic and zero-point Energies=          -1598.857012 
Sum of electronic and thermal Energies=             -1598.838834 
Sum of electronic and thermal Enthalpies=           -1598.837890 
Sum of electronic and thermal Free Energies=        -1598.903717 
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Table S 45. Coordinates of singlet 22
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.041712   -0.543442    0.011100 
      2         15          0        1.546264    1.229249   -0.032858 
      3         15          0       -1.636985    1.122318    0.039674 
      4          6          0       -0.773342    2.687754   -0.445267 
      5          1          0       -1.424057    3.549258   -0.216489 
      6          1          0       -0.655791    2.636477   -1.542410 
      7          6          0        0.580385    2.786705    0.247380 
      8          1          0        1.154653    3.664153   -0.094264 
      9          1          0        0.455158    2.879997    1.341662 
     10          6          0        2.443962    1.455376   -1.600080 
     11          1          0        3.144951    2.300115   -1.513735 
     12          1          0        2.993235    0.522600   -1.802292 
     13          1          0        1.735659    1.612792   -2.424714 
     14          6          0        2.840805    1.196534    1.240468 
     15          1          0        3.433901    0.283888    1.075918 
     16          1          0        3.478172    2.090589    1.161459 
     17          1          0        2.371965    1.129410    2.231792 
     18          6          0       -3.026571    0.963344   -1.127340 
     19          1          0       -3.640036    0.097353   -0.833296 
     20          1          0       -3.648181    1.872507   -1.111070 
     21          1          0       -2.622550    0.783434   -2.133897 
     22          6          0       -2.434204    1.494184    1.637466 
     23          1          0       -3.119570    2.348982    1.523646 
     24          1          0       -2.995693    0.607517    1.969532 
     25          1          0       -1.668463    1.700353    2.398018 
     26         17          0        1.901263   -1.986687   -0.116488 
     27          6          0       -1.269635   -2.003401    0.059513 
     28          8          0       -2.017719   -2.865977    0.084276 
     29         17          0        0.120147   -0.496731    2.413088 
     30         17          0       -0.165374   -0.461468   -2.398592 
 -------------------------------------------------------------------- 
 
Table S 46. Energies of singlet 22
S
. 
Zero-point correction=                     0.221423(Hartree/Particle) 
Thermal correction to Energy=                    0.242686 
Thermal correction to Enthalpy=                  0.243630 
Thermal correction to Gibbs Free Energy=         0.172081 
Sum of electronic and zero-point Energies=          -2519.318563 
Sum of electronic and thermal Energies=             -2519.297301 
Sum of electronic and thermal Enthalpies=           -2519.296357 
Sum of electronic and thermal Free Energies=        -2519.367905 
 
Table S 47. Coordinates of triplet 22
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.063718    0.618621    0.031944 
      2         15          0       -1.492000   -1.299992   -0.057145 
      3         15          0        1.710482   -1.012507    0.073259 
      4          6          0        0.943742   -2.596380   -0.494544 
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      5          1          0        1.633320   -3.427704   -0.266859 
      6          1          0        0.850895   -2.514000   -1.590730 
      7          6          0       -0.415323   -2.793982    0.164845 
      8          1          0       -0.933705   -3.684364   -0.229217 
      9          1          0       -0.310257   -2.932472    1.256099 
     10          6          0       -2.393009   -1.540610   -1.620996 
     11          1          0       -2.995014   -2.461662   -1.572096 
     12          1          0       -3.050827   -0.670431   -1.769267 
     13          1          0       -1.678832   -1.571754   -2.455722 
     14          6          0       -2.765705   -1.412755    1.236358 
     15          1          0       -3.458780   -0.568695    1.100176 
     16          1          0       -3.314784   -2.363983    1.155777 
     17          1          0       -2.284094   -1.312832    2.219526 
     18          6          0        3.171702   -0.734248   -0.979342 
     19          1          0        3.707069    0.151724   -0.602936 
     20          1          0        3.839921   -1.608468   -0.926826 
     21          1          0        2.843346   -0.547330   -2.010581 
     22          6          0        2.452863   -1.417403    1.692749 
     23          1          0        3.215600   -2.200954    1.554637 
     24          1          0        2.916790   -0.511244    2.110008 
     25          1          0        1.675574   -1.737509    2.399151 
     26         17          0       -1.991421    1.932057   -0.259901 
     27          6          0        1.122742    2.123421    0.057175 
     28          8          0        1.859100    2.996018    0.060488 
     29         17          0       -0.095678    0.324558    2.626652 
     30         17          0        0.404628    0.171558   -2.595804 
 -------------------------------------------------------------------- 
 
Table S 48. Energies of triplet 22
T
. 
Zero-point correction=                     0.220395(Hartree/Particle) 
Thermal correction to Energy=                    0.242384 
Thermal correction to Enthalpy=                  0.243329 
Thermal correction to Gibbs Free Energy=         0.168455 
Sum of electronic and zero-point Energies=          -2519.246043 
Sum of electronic and thermal Energies=             -2519.224054 
Sum of electronic and thermal Enthalpies=           -2519.223110 
Sum of electronic and thermal Free Energies=        -2519.297983 
 
Table S 49. Coordinates of singlet (dmpe)(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.096809   -0.484298   -0.014840 
      2         15          0        2.110961   -0.083032   -0.004941 
      3         15          0       -0.300370    1.871608    0.009650 
      4          6          0        1.398172    2.593645   -0.222143 
      5          1          0        1.438345    3.632180    0.148469 
      6          1          0        1.568431    2.628032   -1.313838 
      7          6          0        2.427692    1.695125    0.448086 
      8          1          0        3.463310    1.974531    0.186034 
      9          1          0        2.340441    1.751181    1.548403 
     10          6          0        3.007226   -0.275228   -1.598266 
     11          1          0        4.077290   -0.029831   -1.495554 
     12          1          0        2.897976   -1.316827   -1.937808 
     13          1          0        2.544087    0.374152   -2.356579 
     14          6          0        3.183120   -1.012926    1.153222 
     15          1          0        3.117292   -2.084176    0.906206 
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     16          1          0        4.233066   -0.684486    1.085418 
     17          1          0        2.810345   -0.875610    2.179167 
     18          6          0       -1.334798    2.699337   -1.246210 
     19          1          0       -2.362805    2.323897   -1.127861 
     20          1          0       -1.310763    3.794199   -1.128348 
     21          1          0       -0.979755    2.418495   -2.248761 
     22          6          0       -0.901099    2.560755    1.594794 
     23          1          0       -0.917998    3.662374    1.574950 
     24          1          0       -1.916124    2.168681    1.763949 
     25          1          0       -0.259165    2.206311    2.414919 
     26         35          0       -2.619725   -0.554133   -0.016146 
     27          6          0        0.180056   -2.331281    0.025487 
     28          8          0        0.434955   -3.457839    0.063575 
 -------------------------------------------------------------------- 
 
Table S 50. Energies of singlet (dmpe)(CO)IrBr. 
Zero-point correction=                     0.216949(Hartree/Particle) 
Thermal correction to Energy=                    0.235393 
Thermal correction to Enthalpy=                  0.236337 
Thermal correction to Gibbs Free Energy=         0.168989 
Sum of electronic and zero-point Energies=          -3712.698070 
Sum of electronic and thermal Energies=             -3712.679627 
Sum of electronic and thermal Enthalpies=           -3712.678683 
Sum of electronic and thermal Free Energies=        -3712.746030 
 
Table S 51. Coordinates of singlet 23
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.079996   -0.029123   -0.362738 
      2         15          0       -0.183941    0.176520    2.013764 
      3         15          0        2.205929    0.259152   -0.098792 
      4          6          0        2.570494   -0.024912    1.693793 
      5          1          0        3.592165    0.328186    1.916640 
      6          1          0        2.554113   -1.119916    1.837001 
      7          6          0        1.523026    0.659942    2.562026 
      8          1          0        1.659515    0.430376    3.632027 
      9          1          0        1.579241    1.758335    2.451455 
     10          6          0       -0.606402   -1.329123    2.949817 
     11          1          0       -0.617131   -1.105428    4.028082 
     12          1          0       -1.605012   -1.656228    2.620602 
     13          1          0        0.106138   -2.134421    2.725294 
     14          6          0       -1.289697    1.445050    2.705193 
     15          1          0       -2.316405    1.196927    2.394651 
     16          1          0       -1.213001    1.452097    3.803564 
     17          1          0       -1.029789    2.427059    2.286499 
     18          6          0        3.315049   -0.873642   -0.998113 
     19          1          0        3.199989   -0.697059   -2.079047 
     20          1          0        4.361525   -0.687070   -0.709185 
     21          1          0        3.028404   -1.911755   -0.778840 
     22          6          0        2.911478    1.904616   -0.457345 
     23          1          0        3.991204    1.897869   -0.237805 
     24          1          0        2.747351    2.141370   -1.519551 
     25          1          0        2.396335    2.675180    0.132377 
     26         35          0       -2.613642   -0.417659   -0.247366 
     27          6          0       -0.053810   -0.175956   -2.260340 
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     28          8          0       -0.021993   -0.260159   -3.399419 
     29         35          0        0.315350   -2.552356   -0.162917 
     30         35          0       -0.463126    2.488796   -0.540355 
 -------------------------------------------------------------------- 
 
Table S 52. Energies of singlet 23
S
. 
Zero-point correction=                     0.220156(Hartree/Particle) 
Thermal correction to Energy=                    0.242285 
Thermal correction to Enthalpy=                  0.243229 
Thermal correction to Gibbs Free Energy=         0.168032 
Sum of electronic and zero-point Energies=          -8860.843538 
Sum of electronic and thermal Energies=             -8860.821409 
Sum of electronic and thermal Enthalpies=           -8860.820465 
Sum of electronic and thermal Free Energies=        -8860.895662 
 
Table S 53. Coordinates of triplet 23
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.098880   -0.189896   -0.382493 
      2         15          0       -0.171855   -0.212243    2.011669 
      3         15          0        0.429540    2.133284   -0.092359 
      4          6          0        0.955353    2.319394    1.670726 
      5          1          0        0.980681    3.393552    1.923558 
      6          1          0        1.984734    1.925857    1.726567 
      7          6          0        0.012307    1.543990    2.581389 
      8          1          0        0.352321    1.556975    3.630709 
      9          1          0       -1.003697    1.978064    2.561987 
     10          6          0        1.145976   -1.147469    2.855213 
     11          1          0        1.041310   -1.040646    3.946511 
     12          1          0        1.049101   -2.206897    2.572405 
     13          1          0        2.129064   -0.793372    2.512236 
     14          6          0       -1.707979   -0.811643    2.784842 
     15          1          0       -1.823486   -1.875879    2.527511 
     16          1          0       -1.657987   -0.697612    3.879032 
     17          1          0       -2.562326   -0.258431    2.368800 
     18          6          0        1.742728    2.877582   -1.115792 
     19          1          0        1.398498    2.887027   -2.162191 
     20          1          0        1.922739    3.913505   -0.786825 
     21          1          0        2.657685    2.274776   -1.041688 
     22          6          0       -0.922259    3.352318   -0.282245 
     23          1          0       -0.524762    4.360751   -0.081076 
     24          1          0       -1.309165    3.301500   -1.311113 
     25          1          0       -1.756561    3.117434    0.392017 
     26         35          0       -0.292891   -2.662048   -0.333793 
     27          6          0        0.045649   -0.137001   -2.284820 
     28          8          0        0.150601   -0.079315   -3.421531 
     29         35          0        2.811923   -0.271183   -0.179220 
     30         35          0       -2.746608    0.550982   -0.397837 
 -------------------------------------------------------------------- 
 
Table S 54. Energies of triplet 23
T
. 
Zero-point correction=                     0.219386(Hartree/Particle) 
Thermal correction to Energy=                    0.242076 
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Thermal correction to Enthalpy=                  0.243020 
Thermal correction to Gibbs Free Energy=         0.163980 
Sum of electronic and zero-point Energies=          -8860.773811 
Sum of electronic and thermal Energies=             -8860.751122 
Sum of electronic and thermal Enthalpies=           -8860.750178 
Sum of electronic and thermal Free Energies=        -8860.829217 
 
Table S 55. Coordinates of singlet trans-(dmpe)(CO)Ir(OH). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.213375   -0.727440   -0.008136 
      2         15          0        1.055124    1.360201    0.001843 
      3         15          0       -1.886510    0.352926   -0.007024 
      4          6          0       -1.613007    2.169772   -0.258040 
      5          1          0       -2.470869    2.758866    0.109185 
      6          1          0       -1.555616    2.323086   -1.351147 
      7          6          0       -0.303248    2.574519    0.408646 
      8          1          0        0.005835    3.597722    0.131170 
      9          1          0       -0.404823    2.552055    1.509247 
     10          6          0        1.757796    2.032597   -1.563074 
     11          1          0        2.079806    3.082032   -1.456279 
     12          1          0        2.621591    1.410308   -1.846793 
     13          1          0        1.009143    1.947265   -2.365568 
     14          6          0        2.368079    1.815415    1.201217 
     15          1          0        3.258297    1.202518    0.987740 
     16          1          0        2.634049    2.883101    1.133614 
     17          1          0        2.024383    1.574870    2.218473 
     18          6          0       -3.084612   -0.181128   -1.274215 
     19          1          0       -3.178627   -1.272178   -1.159819 
     20          1          0       -4.064714    0.308041   -1.159781 
     21          1          0       -2.670341    0.022508   -2.272482 
     22          6          0       -2.814437    0.184171    1.560605 
     23          1          0       -3.798852    0.677401    1.516212 
     24          1          0       -2.936379   -0.896254    1.735804 
     25          1          0       -2.219342    0.598456    2.388143 
     26          6          0        1.940796   -1.406978    0.003676 
     27          8          0        3.064427   -1.701641    0.013212 
     28          8          0       -0.981291   -2.350803   -0.001337 
     29          1          0       -0.465958   -3.164481    0.018541 
 -------------------------------------------------------------------- 
 
Table S 56. Energies of singlet trans-(dmpe)(CO)Ir(OH). 
Zero-point correction=                     0.229843(Hartree/Particle) 
Thermal correction to Energy=                    0.247899 
Thermal correction to Enthalpy=                  0.248843 
Thermal correction to Gibbs Free Energy=         0.184090 
Sum of electronic and zero-point Energies=          -1214.398547 
Sum of electronic and thermal Energies=             -1214.380491 
Sum of electronic and thermal Enthalpies=           -1214.379547 
Sum of electronic and thermal Free Energies=        -1214.444300 
 
Table S 57. Coordinates of singlet 24
S
. 
--------------------------------------------------------------------- 
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 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.012554   -0.687603   -0.069072 
      2         15          0       -1.609157    0.943838    0.053980 
      3         15          0        1.547870    1.030969    0.010859 
      4          6          0        0.604866    2.622481    0.192854 
      5          1          0        1.189278    3.468583   -0.206740 
      6          1          0        0.492058    2.793168    1.280053 
      7          6          0       -0.762639    2.507146   -0.478631 
      8          1          0       -1.398162    3.385773   -0.274803 
      9          1          0       -0.651795    2.407055   -1.572499 
     10          6          0       -2.363465    1.339990    1.672670 
     11          1          0       -3.093914    2.160393    1.591323 
     12          1          0       -2.864926    0.437115    2.054287 
     13          1          0       -1.575117    1.617588    2.389909 
     14          6          0       -3.002242    0.715717   -1.089948 
     15          1          0       -3.534973   -0.201932   -0.799186 
     16          1          0       -3.685502    1.578790   -1.088174 
     17          1          0       -2.566283    0.559816   -2.087181 
     18          6          0        2.799490    1.046601    1.336427 
     19          1          0        3.366688    0.105215    1.261971 
     20          1          0        3.486150    1.902195    1.241281 
     21          1          0        2.302215    1.076019    2.317961 
     22          6          0        2.501771    1.160962   -1.532465 
     23          1          0        3.147941    2.052285   -1.539918 
     24          1          0        3.108687    0.245325   -1.605888 
     25          1          0        1.790766    1.155906   -2.371148 
     26          6          0        0.077131   -1.069499    1.741646 
     27          8          0        0.093702   -1.261671    2.881054 
     28          8          0       -0.077719   -0.272312   -2.062844 
     29          1          0       -0.683751   -0.982773   -2.336545 
     30          8          0        1.460573   -2.032537   -0.572472 
     31          1          0        1.467763   -1.918412   -1.536522 
     32          8          0       -1.318226   -2.127681   -0.591813 
     33          1          0       -0.740623   -2.905540   -0.658905 
 -------------------------------------------------------------------- 
 
Table S 58. Energies of singlet 24
S
. 
Zero-point correction=                     0.259643(Hartree/Particle) 
Thermal correction to Energy=                    0.280406 
Thermal correction to Enthalpy=                  0.281350 
Thermal correction to Gibbs Free Energy=         0.212483 
Sum of electronic and zero-point Energies=          -1365.978536 
Sum of electronic and thermal Energies=             -1365.957774 
Sum of electronic and thermal Enthalpies=           -1365.956830 
Sum of electronic and thermal Free Energies=        -1366.025697 
 
Table S 59. Coordinates of triplet 24
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.147971   -0.677559   -0.147846 
      2         15          0       -1.781791    0.626059    0.243949 
      3         15          0        1.266585    1.315394   -0.111776 
      4          6          0        0.083990    2.672703    0.344949 
237 
 
      5          1          0        0.460440    3.649350   -0.004390 
      6          1          0        0.066042    2.707721    1.450233 
      7          6          0       -1.303439    2.361579   -0.208806 
      8          1          0       -2.062415    3.080958    0.143466 
      9          1          0       -1.298871    2.384435   -1.312850 
     10          6          0       -2.406546    0.753002    1.959241 
     11          1          0       -3.267636    1.437120    2.018181 
     12          1          0       -2.703751   -0.250774    2.300185 
     13          1          0       -1.603715    1.101897    2.626431 
     14          6          0       -3.252552    0.234540   -0.754254 
     15          1          0       -3.555572   -0.798192   -0.523114 
     16          1          0       -4.084156    0.927106   -0.552192 
     17          1          0       -2.947539    0.276995   -1.808881 
     18          6          0        2.681540    1.492386    1.022013 
     19          1          0        3.408414    0.706619    0.762487 
     20          1          0        3.152594    2.484350    0.939770 
     21          1          0        2.345843    1.309493    2.053791 
     22          6          0        1.910051    1.741239   -1.762590 
     23          1          0        2.340485    2.754371   -1.792602 
     24          1          0        2.678673    0.993136   -2.012438 
     25          1          0        1.091553    1.624761   -2.488219 
     26          6          0        0.310763   -1.028039    1.882360 
     27          8          0        1.255322   -1.121513    2.576429 
     28          8          0       -0.482437   -0.253003   -2.082124 
     29          1          0       -0.845197   -1.114348   -2.354100 
     30          8          0        1.790739   -1.654547   -0.525511 
     31          1          0        1.446205   -2.562681   -0.643094 
     32          8          0       -0.736438   -2.487205   -0.540624 
     33          1          0       -1.047400   -2.896378    0.276088 
 -------------------------------------------------------------------- 
 
Table S 60. Energies of triplet 24
T
. 
Zero-point correction=                     0.256228(Hartree/Particle) 
Thermal correction to Energy=                    0.278276 
Thermal correction to Enthalpy=                  0.279220 
Thermal correction to Gibbs Free Energy=         0.205948 
Sum of electronic and zero-point Energies=          -1365.887106 
Sum of electronic and thermal Energies=             -1365.865058 
Sum of electronic and thermal Enthalpies=           -1365.864114 
Sum of electronic and thermal Free Energies=        -1365.937386 
 
Table S 61. Coordinates of singlet (dppe)(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.073228   -1.011735    0.866056 
      2         15          0        1.503134   -0.063963   -0.585522 
      3         15          0       -1.526741   -0.028200   -0.607278 
      4          6          0       -0.753192    0.115463   -2.313206 
      5          1          0       -1.001688    1.106485   -2.724681 
      6          1          0       -1.260457   -0.625486   -2.950824 
      7          6          0        0.756281   -0.126618   -2.290060 
      8          1          0        0.984871   -1.157385   -2.609072 
      9          1          0        1.306706    0.542891   -2.973214 
     10         17          0       -1.712924   -1.825913    2.209322 
     11          6          0        1.420393   -1.614836    2.006509 
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     12          8          0        2.296170   -1.926613    2.691292 
     13          6          0       -3.132926   -0.852603   -0.911308 
     14          6          0       -4.364039   -0.212291   -0.772079 
     15          6          0       -3.091092   -2.208747   -1.252881 
     16          6          0       -5.543025   -0.916843   -1.005464 
     17          1          0       -4.408056    0.837200   -0.470600 
     18          6          0       -4.268336   -2.905237   -1.490817 
     19          1          0       -2.125997   -2.723763   -1.308087 
     20          6          0       -5.496833   -2.257796   -1.370120 
     21          1          0       -6.505188   -0.411786   -0.893179 
     22          1          0       -4.228999   -3.964486   -1.753829 
     23          1          0       -6.423682   -2.807805   -1.548748 
     24          6          0       -1.910832    1.706340   -0.142938 
     25          6          0       -2.471461    2.613035   -1.050961 
     26          6          0       -1.587067    2.137094    1.146809 
     27          6          0       -2.692769    3.934243   -0.678925 
     28          1          0       -2.746295    2.287459   -2.060038 
     29          6          0       -1.809475    3.461383    1.515635 
     30          1          0       -1.141677    1.426963    1.851697 
     31          6          0       -2.355823    4.359735    0.605042 
     32          1          0       -3.130198    4.635292   -1.393747 
     33          1          0       -1.543242    3.792564    2.521819 
     34          1          0       -2.523403    5.399680    0.895426 
     35          6          0        1.796966    1.720157   -0.240310 
     36          6          0        2.429170    2.051477    0.964966 
     37          6          0        1.325610    2.744126   -1.063420 
     38          6          0        2.594011    3.380958    1.330488 
     39          1          0        2.788142    1.254713    1.625120 
     40          6          0        1.474988    4.078025   -0.686412 
     41          1          0        0.816220    2.513350   -2.003600 
     42          6          0        2.112297    4.398387    0.506779 
     43          1          0        3.095432    3.626542    2.269487 
     44          1          0        1.084657    4.868667   -1.331749 
     45          1          0        2.230833    5.443740    0.800840 
     46          6          0        3.181321   -0.735542   -0.907807 
     47          6          0        4.196257    0.066624   -1.439085 
     48          6          0        3.416449   -2.096376   -0.695567 
     49          6          0        5.432903   -0.489628   -1.749988 
     50          1          0        4.021966    1.134209   -1.605631 
     51          6          0        4.654570   -2.649213   -1.008642 
     52          1          0        2.618048   -2.719994   -0.281348 
     53          6          0        5.663037   -1.846201   -1.534376 
     54          1          0        6.223777    0.142048   -2.161037 
     55          1          0        4.832985   -3.712745   -0.835138 
     56          1          0        6.636813   -2.279620   -1.774174 
 -------------------------------------------------------------------- 
 
Table S 62. Energies of singlet (dppe)(CO)IrCl. 
Zero-point correction=                     0.431803(Hartree/Particle) 
Thermal correction to Energy=                    0.462507 
Thermal correction to Enthalpy=                  0.463452 
Thermal correction to Gibbs Free Energy=         0.367014 
Sum of electronic and zero-point Energies=          -2365.027105 
Sum of electronic and thermal Energies=             -2364.996400 
Sum of electronic and thermal Enthalpies=           -2364.995456 
Sum of electronic and thermal Free Energies=        -2365.091894 
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Table S 63. Coordinates of singlet 25
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.063067    0.053298    1.082823 
      2         15          0        1.652285    0.066026   -0.640867 
      3         15          0       -1.588627    0.007008   -0.682052 
      4          6          0       -0.587825   -0.384700   -2.184866 
      5          1          0       -1.182554   -0.225106   -3.097532 
      6          1          0       -0.350462   -1.460424   -2.122619 
      7          6          0        0.688681    0.446127   -2.174189 
      8          1          0        1.284593    0.284955   -3.085762 
      9          1          0        0.466114    1.527003   -2.111120 
     10         17          0        1.656088   -0.081340    2.791050 
     11          6          0       -1.402195    0.073680    2.419598 
     12          8          0       -2.219323    0.094589    3.217819 
     13         17          0       -0.128522   -2.344276    0.980223 
     14         17          0        0.161766    2.449316    1.068987 
     15          6          0       -2.905818   -1.261684   -0.582506 
     16          6          0       -2.783524   -2.523393   -1.168375 
     17          6          0       -4.057255   -0.950879    0.148262 
     18          6          0       -3.809287   -3.454183   -1.037736 
     19          1          0       -1.882694   -2.798320   -1.720021 
     20          6          0       -5.072953   -1.889380    0.288616 
     21          1          0       -4.167526    0.036213    0.608383 
     22          6          0       -4.951584   -3.141084   -0.308179 
     23          1          0       -3.706080   -4.437418   -1.501696 
     24          1          0       -5.965463   -1.637863    0.865444 
     25          1          0       -5.750566   -3.878074   -0.200855 
     26          6          0       -2.557875    1.511340   -1.101990 
     27          6          0       -3.133534    1.615232   -2.374229 
     28          6          0       -2.837841    2.487873   -0.142796 
     29          6          0       -3.948934    2.694568   -2.692006 
     30          1          0       -2.967065    0.839604   -3.127337 
     31          6          0       -3.664191    3.562007   -0.462573 
     32          1          0       -2.387338    2.425583    0.849343 
     33          6          0       -4.212969    3.671886   -1.735486 
     34          1          0       -4.387009    2.767938   -3.689819 
     35          1          0       -3.869962    4.322798    0.293173 
     36          1          0       -4.854128    4.520633   -1.984223 
     37          6          0        2.508186   -1.524394   -0.939371 
     38          6          0        3.148193   -2.115668    0.155865 
     39          6          0        2.588804   -2.124801   -2.197122 
     40          6          0        3.864957   -3.292498   -0.016797 
     41          1          0        3.063575   -1.656256    1.146509 
     42          6          0        3.305004   -3.308242   -2.361472 
     43          1          0        2.096370   -1.678886   -3.066243 
     44          6          0        3.944402   -3.890890   -1.272710 
     45          1          0        4.358881   -3.752301    0.841835 
     46          1          0        3.362887   -3.773762   -3.348064 
     47          1          0        4.505534   -4.819243   -1.402008 
     48          6          0        3.027625    1.276370   -0.629836 
     49          6          0        3.752022    1.458133   -1.814224 
     50          6          0        3.399637    1.964911    0.526418 
     51          6          0        4.823690    2.341862   -1.849537 
     52          1          0        3.491982    0.896908   -2.717135 
     53          6          0        4.480160    2.842322    0.483548 
     54          1          0        2.848587    1.809917    1.455877 
     55          6          0        5.186225    3.037678   -0.698628 
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     56          1          0        5.381337    2.482390   -2.778196 
     57          1          0        4.767143    3.380460    1.389537 
     58          1          0        6.030238    3.731036   -0.724093 
 -------------------------------------------------------------------- 
 
Table S 64. Energies of singlet 25
S
. 
Zero-point correction=                     0.435945(Hartree/Particle) 
Thermal correction to Energy=                    0.469816 
Thermal correction to Enthalpy=                  0.470760 
Thermal correction to Gibbs Free Energy=         0.368419 
Sum of electronic and zero-point Energies=          -3285.479392 
Sum of electronic and thermal Energies=             -3285.445521 
Sum of electronic and thermal Enthalpies=           -3285.444577 
Sum of electronic and thermal Free Energies=        -3285.546918 
 
Table S 65. Coordinates of triplet 25
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.021544   -0.715894    0.932795 
      2         15          0        1.579522    0.139799   -0.623746 
      3         15          0       -1.568028    0.215067   -0.667052 
      4          6          0       -0.709669    0.010677   -2.295880 
      5          1          0       -1.306594    0.506946   -3.079865 
      6          1          0       -0.655168   -1.070938   -2.494563 
      7          6          0        0.676358    0.636642   -2.185961 
      8          1          0        1.303367    0.388167   -3.057472 
      9          1          0        0.597301    1.736711   -2.137914 
     10         17          0        1.766017   -1.506828    2.235807 
     11          6          0       -1.321089   -1.578552    2.090436 
     12          8          0       -2.077476   -2.105434    2.756756 
     13         17          0       -0.418746   -2.820521   -0.642045 
     14         17          0       -0.796648    1.286803    2.536139 
     15          6          0       -3.204337   -0.577030   -0.734435 
     16          6          0       -3.599617   -1.422009   -1.771345 
     17          6          0       -4.068934   -0.326260    0.337765 
     18          6          0       -4.862289   -2.008175   -1.738559 
     19          1          0       -2.922742   -1.638504   -2.600685 
     20          6          0       -5.325890   -0.917628    0.364536 
     21          1          0       -3.750900    0.335036    1.152053 
     22          6          0       -5.722752   -1.757496   -0.674592 
     23          1          0       -5.170382   -2.672166   -2.548902 
     24          1          0       -5.998535   -0.723587    1.202451 
     25          1          0       -6.710011   -2.224157   -0.650753 
     26          6          0       -1.939932    2.016667   -0.727612 
     27          6          0       -1.048492    2.967002   -0.223050 
     28          6          0       -3.070098    2.440613   -1.437452 
     29          6          0       -1.283828    4.322610   -0.432913 
     30          1          0       -0.188123    2.652629    0.370405 
     31          6          0       -3.303665    3.797290   -1.636699 
     32          1          0       -3.778396    1.707577   -1.835190 
     33          6          0       -2.409280    4.739601   -1.136655 
     34          1          0       -0.583458    5.056470   -0.028006 
     35          1          0       -4.191926    4.117432   -2.186019 
     36          1          0       -2.594249    5.805147   -1.291520 
     37          6          0        2.842943   -1.074260   -1.135105 
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     38          6          0        4.065402   -1.129049   -0.458289 
     39          6          0        2.570782   -1.989571   -2.155207 
     40          6          0        5.013495   -2.079803   -0.819178 
     41          1          0        4.274975   -0.428921    0.354249 
     42          6          0        3.525157   -2.935398   -2.512914 
     43          1          0        1.601106   -1.984025   -2.658063 
     44          6          0        4.746750   -2.979634   -1.847353 
     45          1          0        5.966917   -2.118868   -0.288082 
     46          1          0        3.306642   -3.648583   -3.310272 
     47          1          0        5.494144   -3.725396   -2.127203 
     48          6          0        2.531035    1.624220   -0.142395 
     49          6          0        3.355449    2.254358   -1.083562 
     50          6          0        2.435281    2.131820    1.155139 
     51          6          0        4.068216    3.393012   -0.730254 
     52          1          0        3.447758    1.846296   -2.095450 
     53          6          0        3.156101    3.273409    1.501773 
     54          1          0        1.782052    1.650402    1.889660 
     55          6          0        3.967151    3.902791    0.563888 
     56          1          0        4.709533    3.883550   -1.465836 
     57          1          0        3.076763    3.669845    2.516172 
     58          1          0        4.530169    4.797459    0.840443 
 -------------------------------------------------------------------- 
 
Table S 66. Energies of triplet 25
T
. 
Zero-point correction=                     0.434469(Hartree/Particle) 
Thermal correction to Energy=                    0.469201 
Thermal correction to Enthalpy=                  0.470145 
Thermal correction to Gibbs Free Energy=         0.364354 
Sum of electronic and zero-point Energies=          -3285.407555 
Sum of electronic and thermal Energies=             -3285.372823 
Sum of electronic and thermal Enthalpies=           -3285.371879 
Sum of electronic and thermal Free Energies=        -3285.477670 
 
Table S 67. Coordinates of singlet (dppe)(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.121270    0.061155    1.037826 
      2         15          0        1.652449   -0.128955   -0.603083 
      3         15          0       -1.454080   -0.148632   -0.750193 
      4          6          0       -0.481431   -0.707609   -2.232354 
      5          1          0       -1.068431   -0.578248   -3.156835 
      6          1          0       -0.278459   -1.785544   -2.098951 
      7          6          0        0.823676    0.068482   -2.260895 
      8          1          0        1.497595   -0.275075   -3.062230 
      9          1          0        0.626278    1.142558   -2.419349 
     10         35          0       -1.740017    0.439979    2.694302 
     11          6          0        1.461454    0.169397    2.332763 
     12          8          0        2.332302    0.211327    3.088627 
     13          6          0        2.518000   -1.744344   -0.797660 
     14          6          0        3.489759   -1.939111   -1.787157 
     15          6          0        2.158987   -2.808961    0.031570 
     16          6          0        4.089617   -3.182753   -1.943740 
     17          1          0        3.791054   -1.107883   -2.433518 
     18          6          0        2.762189   -4.055268   -0.127919 
     19          1          0        1.398399   -2.644303    0.802967 
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     20          6          0        3.724701   -4.242672   -1.114060 
     21          1          0        4.849306   -3.327268   -2.715667 
     22          1          0        2.477333   -4.882728    0.525775 
     23          1          0        4.198227   -5.219601   -1.238096 
     24          6          0        3.016092    1.100835   -0.606040 
     25          6          0        2.826122    2.374015   -1.151514 
     26          6          0        4.213594    0.814841    0.057507 
     27          6          0        3.830830    3.332370   -1.066626 
     28          1          0        1.881130    2.633403   -1.638049 
     29          6          0        5.212670    1.778466    0.149235 
     30          1          0        4.364218   -0.169133    0.511955 
     31          6          0        5.026940    3.035352   -0.419283 
     32          1          0        3.674313    4.321243   -1.503813 
     33          1          0        6.142574    1.544304    0.672320 
     34          1          0        5.813442    3.789999   -0.348518 
     35          6          0       -2.168883    1.452666   -1.298248 
     36          6          0       -1.755558    2.631619   -0.672043 
     37          6          0       -3.092020    1.510555   -2.348290 
     38          6          0       -2.250122    3.859584   -1.106140 
     39          1          0       -1.054985    2.571587    0.168008 
     40          6          0       -3.582237    2.738358   -2.777794 
     41          1          0       -3.439436    0.587452   -2.824454 
     42          6          0       -3.158932    3.913417   -2.157780 
     43          1          0       -1.928874    4.777891   -0.609556 
     44          1          0       -4.303910    2.780125   -3.596866 
     45          1          0       -3.548831    4.877066   -2.494517 
     46          6          0       -2.901347   -1.268350   -0.676715 
     47          6          0       -2.998276   -2.427920   -1.450610 
     48          6          0       -3.940587   -0.938050    0.202528 
     49          6          0       -4.120991   -3.246288   -1.348759 
     50          1          0       -2.200435   -2.708098   -2.142319 
     51          6          0       -5.057408   -1.758805    0.299032 
     52          1          0       -3.860208   -0.042562    0.824611 
     53          6          0       -5.150668   -2.913004   -0.475515 
     54          1          0       -4.187444   -4.149325   -1.959869 
     55          1          0       -5.860955   -1.495470    0.990159 
     56          1          0       -6.030098   -3.556334   -0.397235 
 -------------------------------------------------------------------- 
 
Table S 68. Energies of singlet (dppe)(CO)IrBr. 
Zero-point correction=                     0.431496(Hartree/Particle) 
Thermal correction to Energy=                    0.462524 
Thermal correction to Enthalpy=                  0.463468 
Thermal correction to Gibbs Free Energy=         0.364470 
Sum of electronic and zero-point Energies=          -4478.872717 
Sum of electronic and thermal Energies=             -4478.841689 
Sum of electronic and thermal Enthalpies=           -4478.840745 
Sum of electronic and thermal Free Energies=        -4478.939743 
 
Table S 69. Coordinates of singlet 26
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.094663   -0.021779   -0.874068 
      2         15          0       -1.518199    0.045348    0.949456 
      3         15          0        1.727492   -0.034640    0.803584 
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      4          6          0        0.836091   -0.361895    2.391725 
      5          1          0        1.487461   -0.118908    3.247379 
      6          1          0        0.676437   -1.454880    2.396187 
      7          6          0       -0.482665    0.396262    2.446008 
      8          1          0       -1.039802    0.172829    3.370048 
      9          1          0       -0.323293    1.488236    2.415527 
     10         35          0       -1.816712   -0.073906   -2.590478 
     11          6          0        1.317655   -0.027785   -2.311710 
     12          8          0        2.060182   -0.013509   -3.181720 
     13         35          0        0.014504   -2.572698   -0.777437 
     14         35          0        0.088161    2.533644   -0.883393 
     15          6          0        3.103165   -1.250334    0.776643 
     16          6          0        3.952315   -1.296816    1.889866 
     17          6          0        3.370338   -2.063183   -0.325411 
     18          6          0        5.039034   -2.162209    1.906845 
     19          1          0        3.777254   -0.639741    2.747481 
     20          6          0        4.469738   -2.917741   -0.309649 
     21          1          0        2.704020   -2.058603   -1.189205 
     22          6          0        5.299892   -2.972743    0.804067 
     23          1          0        5.692186   -2.195193    2.781633 
     24          1          0        4.669728   -3.550804   -1.176454 
     25          1          0        6.158202   -3.648382    0.814349 
     26          6          0        2.651714    1.530459    1.030865 
     27          6          0        2.489076    2.362496    2.137777 
     28          6          0        3.533342    1.903783    0.011400 
     29          6          0        3.192536    3.562177    2.218814 
     30          1          0        1.805827    2.094785    2.947987 
     31          6          0        4.232359    3.099237    0.094746 
     32          1          0        3.664493    1.257736   -0.863022 
     33          6          0        4.059412    3.933327    1.197789 
     34          1          0        3.054977    4.212014    3.085616 
     35          1          0        4.912277    3.386114   -0.709984 
     36          1          0        4.604550    4.877727    1.259118 
     37          6          0       -2.413525   -1.511978    1.306914 
     38          6          0       -3.338825   -1.952952    0.354689 
     39          6          0       -2.197342   -2.265122    2.461156 
     40          6          0       -4.037727   -3.134196    0.563182 
     41          1          0       -3.487590   -1.380572   -0.566210 
     42          6          0       -2.901636   -3.449508    2.664852 
     43          1          0       -1.472658   -1.944365    3.214437 
     44          6          0       -3.820720   -3.884767    1.716859 
     45          1          0       -4.752660   -3.476986   -0.187695 
     46          1          0       -2.724631   -4.034820    3.569951 
     47          1          0       -4.369317   -4.816006    1.875529 
     48          6          0       -2.858030    1.296267    1.042003 
     49          6          0       -3.547885    1.420267    2.255130 
     50          6          0       -3.231025    2.080531   -0.050605 
     51          6          0       -4.581996    2.339649    2.381561 
     52          1          0       -3.291256    0.784025    3.107996 
     53          6          0       -4.276171    2.992054    0.081491 
     54          1          0       -2.709610    1.976003   -1.003668 
     55          6          0       -4.945483    3.128511    1.292345 
     56          1          0       -5.111866    2.433658    3.332177 
     57          1          0       -4.563837    3.602243   -0.777389 
     58          1          0       -5.760962    3.849240    1.389227 
 ------------------------------------------------------------------- 
 
Table S 70. Energies of singlet 26
S
. 
Zero-point correction=                     0.434583(Hartree/Particle) 
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Thermal correction to Energy=                    0.469413 
Thermal correction to Enthalpy=                  0.470357 
Thermal correction to Gibbs Free Energy=         0.364352 
Sum of electronic and zero-point Energies=          -9627.005189 
Sum of electronic and thermal Energies=             -9626.970359 
Sum of electronic and thermal Enthalpies=           -9626.969415 
Sum of electronic and thermal Free Energies=        -9627.075420 
 
Table S 71. Coordinates of triplet 26
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.001102   -0.591125    0.735131 
      2         15          0        1.547616    0.301543   -0.861937 
      3         15          0       -1.578688    0.193551   -0.872587 
      4          6          0       -0.737703   -0.073223   -2.502253 
      5          1          0       -1.368174    0.340088   -3.307769 
      6          1          0       -0.629667   -1.161089   -2.634839 
      7          6          0        0.616206    0.624459   -2.457316 
      8          1          0        1.251371    0.333089   -3.309134 
      9          1          0        0.482361    1.718817   -2.502192 
     10         35          0        1.898370   -1.131991    2.233227 
     11          6          0       -1.249965   -1.459151    1.922393 
     12          8          0       -1.983261   -2.016691    2.593000 
     13         35          0       -0.293037   -2.984031   -0.686151 
     14         35          0       -1.137102    1.498432    2.466302 
     15          6          0       -3.198357   -0.636447   -0.892022 
     16          6          0       -3.590311   -1.514017   -1.903611 
     17          6          0       -4.057244   -0.371472    0.181430 
     18          6          0       -4.842139   -2.120652   -1.842869 
     19          1          0       -2.920033   -1.738845   -2.736377 
     20          6          0       -5.303527   -0.983504    0.235574 
     21          1          0       -3.742823    0.316324    0.975222 
     22          6          0       -5.696263   -1.856937   -0.776912 
     23          1          0       -5.147235   -2.809693   -2.633205 
     24          1          0       -5.971173   -0.778274    1.074836 
     25          1          0       -6.675334   -2.339092   -0.731095 
     26          6          0       -1.992745    1.981479   -1.028740 
     27          6          0       -1.125650    2.970938   -0.560765 
     28          6          0       -3.122844    2.351390   -1.766859 
     29          6          0       -1.376869    4.310957   -0.837209 
     30          1          0       -0.263944    2.698153    0.049766 
     31          6          0       -3.376645    3.693724   -2.031065 
     32          1          0       -3.815122    1.589070   -2.136748 
     33          6          0       -2.502358    4.674449   -1.570401 
     34          1          0       -0.690345    5.072872   -0.460726 
     35          1          0       -4.265495    3.972942   -2.601521 
     36          1          0       -2.703811    5.727877   -1.778705 
     37          6          0        2.950851   -0.782940   -1.312445 
     38          6          0        4.195561   -0.599993   -0.701975 
     39          6          0        2.773634   -1.827800   -2.224639 
     40          6          0        5.255140   -1.443556   -1.016889 
     41          1          0        4.339953    0.204190    0.024133 
     42          6          0        3.838779   -2.665258   -2.537186 
     43          1          0        1.797319   -2.008973   -2.681098 
     44          6          0        5.079417   -2.473539   -1.936403 
     45          1          0        6.224850   -1.293993   -0.537213 
     46          1          0        3.693090   -3.478517   -3.251182 
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     47          1          0        5.913341   -3.134648   -2.182880 
     48          6          0        2.325611    1.911599   -0.464881 
     49          6          0        2.986544    2.629702   -1.468953 
     50          6          0        2.233866    2.441943    0.823847 
     51          6          0        3.531246    3.877282   -1.190026 
     52          1          0        3.083277    2.210532   -2.475787 
     53          6          0        2.785001    3.692640    1.097493 
     54          1          0        1.710799    1.889747    1.610683 
     55          6          0        3.426810    4.410448    0.093922 
     56          1          0        4.042577    4.435571   -1.977430 
     57          1          0        2.703595    4.105677    2.105085 
     58          1          0        3.853565    5.392411    0.311231 
 -------------------------------------------------------------------- 
 
Table S 72. Energies of triplet 26
T
. 
Zero-point correction=                     0.433576(Hartree/Particle) 
Thermal correction to Energy=                    0.468937 
Thermal correction to Enthalpy=                  0.469881 
Thermal correction to Gibbs Free Energy=         0.361109 
Sum of electronic and zero-point Energies=          -9626.936741 
Sum of electronic and thermal Energies=             -9626.901380 
Sum of electronic and thermal Enthalpies=           -9626.900436 
Sum of electronic and thermal Free Energies=        -9627.009208 
 
Table S 73. Coordinates of singlet (CNC)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000004    0.510056    0.000043 
      2          6          0        0.934625   -2.237871   -0.693568 
      3          6          0       -0.934533   -2.237879    0.693655 
      4          6          0        0.961660   -3.623830   -0.692418 
      5          6          0       -0.961454   -3.623836    0.692627 
      6          6          0        0.000139   -4.349038    0.000148 
      7          1          0        1.743739   -4.132664   -1.260954 
      8          1          0       -1.743518   -4.132681    1.261173 
      9          1          0        0.000178   -5.439537    0.000199 
     10          7          0        0.000048   -1.512259    0.000044 
     11         17          0       -0.000195    2.879548    0.000283 
     12          6          0       -2.024080    0.439941   -0.008338 
     13          6          0       -4.270234    0.576671   -0.309082 
     14          6          0       -4.049897   -0.457415    0.536709 
     15          1          0       -5.194069    0.982104   -0.710998 
     16          1          0       -4.736081   -1.138372    1.031098 
     17          6          0        2.024075    0.440057    0.008162 
     18          6          0        4.049879   -0.457198   -0.537145 
     19          6          0        4.270256    0.576765    0.308785 
     20          1          0        4.736039   -1.138056   -1.031706 
     21          1          0        5.194119    0.982198    0.710636 
     22          7          0       -2.678399   -0.520422    0.710108 
     23          7          0       -3.033435    1.110204   -0.637800 
     24          7          0        2.678358   -0.520278   -0.710353 
     25          7          0        3.033478    1.110282    0.637604 
     26          6          0        1.927251   -1.467822   -1.510169 
     27          1          0        1.388707   -0.906614   -2.294823 
     28          1          0        2.638181   -2.157729   -1.988160 
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     29          6          0       -1.927325   -1.467854    1.510093 
     30          1          0       -1.388943   -0.906577    2.294808 
     31          1          0       -2.638268   -2.157815    1.987987 
     32          6          0       -2.859971    2.216444   -1.557661 
     33          1          0       -3.036096    3.178645   -1.054730 
     34          1          0       -1.825851    2.211312   -1.921179 
     35          1          0       -3.561147    2.102308   -2.397903 
     36          6          0        2.860079    2.216496    1.557505 
     37          1          0        1.826067    2.211193    1.921321 
     38          1          0        3.561514    2.102487    2.397545 
     39          1          0        3.035897    3.178730    1.054523 
 -------------------------------------------------------------------- 
 
Table S 74. Energies of singlet (CNC)IrCl. 
Zero-point correction=                     0.306768(Hartree/Particle) 
Thermal correction to Energy=                    0.326793 
Thermal correction to Enthalpy=                  0.327737 
Thermal correction to Gibbs Free Energy=         0.258256 
Sum of electronic and zero-point Energies=          -1419.654216 
Sum of electronic and thermal Energies=             -1419.634191 
Sum of electronic and thermal Enthalpies=           -1419.633247 
Sum of electronic and thermal Free Energies=        -1419.702728 
 
Table S 75. Coordinates of singlet 27
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000055   -0.438385    0.000069 
      2          6          0        0.970881    2.366989    0.640823 
      3          6          0       -0.970279    2.367184   -0.640646 
      4          6          0        0.995658    3.757939    0.643493 
      5          6          0       -0.994718    3.758142   -0.643424 
      6          6          0        0.000552    4.473335    0.000019 
      7          1          0        1.805946    4.270303    1.165260 
      8          1          0       -1.804847    4.270669   -1.165279 
      9          1          0        0.000697    5.564403   -0.000033 
     10          7          0        0.000191    1.665188    0.000138 
     11         17          0        0.174544   -0.449723   -2.414125 
     12         17          0       -0.174996   -0.450134    2.414256 
     13         17          0       -0.000128   -2.815161   -0.000141 
     14          6          0       -2.054790   -0.390689   -0.034293 
     15          6          0       -4.282298   -0.594824    0.252437 
     16          6          0       -4.084513    0.504113   -0.511011 
     17          1          0       -5.195625   -1.049376    0.623108 
     18          1          0       -4.781408    1.209015   -0.953199 
     19          6          0        2.054718   -0.391095    0.034349 
     20          6          0        4.084688    0.503257    0.510887 
     21          6          0        4.282163   -0.595641   -0.252687 
     22          1          0        4.781780    1.207983    0.953043 
     23          1          0        5.195353   -1.050332   -0.623526 
     24          7          0       -2.714428    0.609583   -0.673862 
     25          7          0       -3.037516   -1.126198    0.543933 
     26          7          0        2.714646    0.609025    0.673880 
     27          7          0        3.037240   -1.126694   -0.544146 
     28          6          0        2.031909    1.644824    1.422394 
     29          1          0        1.561293    1.190245    2.310241 
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     30          1          0        2.787796    2.370689    1.751755 
     31          6          0       -2.031361    1.645204   -1.422324 
     32          1          0       -1.560745    1.190499   -2.310119 
     33          1          0       -2.787049    2.371228   -1.751787 
     34          6          0       -2.874635   -2.310838    1.375736 
     35          1          0       -2.907842   -3.220155    0.760161 
     36          1          0       -1.908825   -2.261450    1.890786 
     37          1          0       -3.690713   -2.323733    2.111889 
     38          6          0        2.874030   -2.311120   -1.376197 
     39          1          0        1.908181   -2.261412   -1.891111 
     40          1          0        3.690016   -2.324027   -2.112449 
     41          1          0        2.907115   -3.220578   -0.760819 
 -------------------------------------------------------------------- 
 
Table S 76. Energies of singlet 27
S
. 
Zero-point correction=                     0.311045(Hartree/Particle) 
Thermal correction to Energy=                    0.332718 
Thermal correction to Enthalpy=                  0.333662 
Thermal correction to Gibbs Free Energy=         0.261488 
Sum of electronic and zero-point Energies=          -2340.136769 
Sum of electronic and thermal Energies=             -2340.115097 
Sum of electronic and thermal Enthalpies=           -2340.114153 
Sum of electronic and thermal Free Energies=        -2340.186327 
 
Table S 77. Coordinates of triplet 27
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000020   -0.539327   -0.000011 
      2          6          0       -0.948025    2.372186   -0.674323 
      3          6          0        0.948071    2.372145    0.674390 
      4          6          0       -0.974420    3.763637   -0.683274 
      5          6          0        0.974531    3.763596    0.683332 
      6          6          0        0.000072    4.472496    0.000026 
      7          1          0       -1.762089    4.279984   -1.234747 
      8          1          0        1.762223    4.279910    1.234802 
      9          1          0        0.000098    5.563947    0.000023 
     10          7          0        0.000007    1.687282    0.000037 
     11         17          0       -0.492775   -0.163146    2.591840 
     12         17          0        0.492948   -0.162854   -2.591857 
     13         17          0       -0.000143   -2.874537   -0.000160 
     14          6          0        2.053049   -0.444725    0.139262 
     15          6          0        4.286914   -0.575134   -0.129824 
     16          6          0        4.043523    0.527120    0.615821 
     17          1          0        5.218672   -1.001140   -0.487889 
     18          1          0        4.711769    1.260929    1.054737 
     19          6          0       -2.053082   -0.444641   -0.139231 
     20          6          0       -4.043533    0.527325   -0.615616 
     21          6          0       -4.286941   -0.575024    0.129889 
     22          1          0       -4.711769    1.261200   -1.054438 
     23          1          0       -5.218701   -1.001049    0.487924 
     24          7          0        2.669693    0.587461    0.770557 
     25          7          0        3.064860   -1.155461   -0.418118 
     26          7          0       -2.669712    0.587577   -0.770477 
     27          7          0       -3.064890   -1.155385    0.418134 
     28          6          0       -1.957657    1.622865   -1.496826 
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     29          1          0       -1.417497    1.155193   -2.341563 
     30          1          0       -2.703564    2.327772   -1.888411 
     31          6          0        1.957669    1.622783    1.496896 
     32          1          0        1.417499    1.155145    2.341642 
     33          1          0        2.703606    2.327663    1.888472 
     34          6          0        2.925748   -2.325061   -1.275496 
     35          1          0        2.653245   -3.207858   -0.683622 
     36          1          0        2.144196   -2.132780   -2.023716 
     37          1          0        3.886983   -2.489219   -1.780255 
     38          6          0       -2.925745   -2.325049    1.275423 
     39          1          0       -2.144350   -2.132701    2.023796 
     40          1          0       -3.887041   -2.489419    1.779993 
     41          1          0       -2.652983   -3.207741    0.683507 
 ------------------------------------------------------------------- 
 
Table S 78. Energies of triplet 27
T
. 
Zero-point correction=                     0.310583(Hartree/Particle) 
Thermal correction to Energy=                    0.334375 
Thermal correction to Enthalpy=                  0.335319 
Thermal correction to Gibbs Free Energy=         0.256274 
Sum of electronic and zero-point Energies=          -2340.074215 
Sum of electronic and thermal Energies=             -2340.050423 
Sum of electronic and thermal Enthalpies=           -2340.049479 
Sum of electronic and thermal Free Energies=        -2340.128524 
 
Table S 79. Coordinates of singlet (CCC)Ir(PMe3). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.233755    0.192138   -0.017297 
      2          6          0       -1.460368   -2.256905   -0.770834 
      3          6          0       -2.448265   -0.917797    0.950821 
      4          6          0       -2.536766   -3.141584   -0.704523 
      5          6          0       -3.527411   -1.798347    1.020281 
      6          6          0       -3.577231   -2.917783    0.193194 
      7          1          0       -2.563644   -4.017356   -1.363509 
      8          1          0       -4.342137   -1.606815    1.728363 
      9          1          0       -4.421902   -3.608899    0.246040 
     10          6          0       -1.249371    1.580703    0.037790 
     11          6          0       -2.898448    3.076389   -0.455378 
     12          6          0       -3.290404    2.391125    0.642681 
     13          1          0       -3.381513    3.873678   -1.012594 
     14          1          0       -4.189316    2.467449    1.247366 
     15          6          0        1.314185   -1.525498   -0.136919 
     16          6          0        1.716784   -3.677031   -0.780807 
     17          6          0        2.614304   -3.377159    0.184709 
     18          1          0        1.562086   -4.586980   -1.352917 
     19          1          0        3.406457   -3.967973    0.634796 
     20          7          0       -2.274337    1.502478    0.943269 
     21          7          0       -1.653927    2.575516   -0.816999 
     22          7          0        0.946422   -2.546287   -0.974768 
     23          7          0        2.359715   -2.068035    0.572438 
     24          6          0       -0.315144   -2.512041   -1.715117 
     25          1          0       -0.243359   -1.712978   -2.470850 
     26          1          0       -0.419035   -3.476940   -2.236206 
     27          6          0       -2.417248    0.326081    1.802773 
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     28          1          0       -1.562403    0.309034    2.497546 
     29          1          0       -3.342981    0.449803    2.386767 
     30          6          0       -1.028295    2.858968   -2.087700 
     31          1          0       -0.705023    3.909991   -2.155779 
     32          1          0       -0.165920    2.185087   -2.190538 
     33          1          0       -1.733775    2.652032   -2.907610 
     34          6          0        2.971196   -1.453675    1.725974 
     35          1          0        2.279269   -0.691033    2.108677 
     36          1          0        3.129055   -2.212627    2.506521 
     37          1          0        3.942625   -0.987470    1.489664 
     38          6          0       -1.377415   -1.119621    0.055689 
     39         15          0        2.017085    1.665971    0.060213 
     40          6          0        1.867002    3.382435   -0.628264 
     41          1          0        2.770320    3.973271   -0.401332 
     42          1          0        1.733390    3.346143   -1.719762 
     43          1          0        0.990552    3.877313   -0.180006 
     44          6          0        3.614644    1.198587   -0.749678 
     45          1          0        3.439973    1.130586   -1.835403 
     46          1          0        4.411965    1.936081   -0.555428 
     47          1          0        3.937908    0.204248   -0.407148 
     48          6          0        2.602843    2.167109    1.749184 
     49          1          0        3.451716    2.869574    1.686993 
     50          1          0        1.763994    2.657290    2.269056 
     51          1          0        2.903658    1.293915    2.345093 
 ------------------------=------------------------------------------- 
 
Table S 80. Energies of singlet (CCC)Ir(PMe3). 
Zero-point correction=                     0.418808(Hartree/Particle) 
Thermal correction to Energy=                    0.444302 
Thermal correction to Enthalpy=                  0.445246 
Thermal correction to Gibbs Free Energy=         0.365041 
Sum of electronic and zero-point Energies=          -1403.655182 
Sum of electronic and thermal Energies=             -1403.629688 
Sum of electronic and thermal Enthalpies=           -1403.628744 
Sum of electronic and thermal Free Energies=        -1403.708948 
 
Table S 81. Coordinates of singlet 28
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.031205   -0.329984   -0.180123 
      2          6          0       -0.739164    2.628088   -0.561379 
      3          6          0        1.380875    2.306239    0.482756 
      4          6          0       -0.597289    4.009257   -0.412455 
      5          6          0        1.524377    3.691670    0.607135 
      6          6          0        0.530389    4.557692    0.180100 
      7          1          0       -1.387481    4.667691   -0.788480 
      8          1          0        2.441660    4.094751    1.050183 
      9          1          0        0.640598    5.638393    0.287853 
     10         17          0       -0.141321   -0.254965   -2.639744 
     11         17          0       -0.040526   -2.894304   -0.077662 
     12          6          0        2.013135   -0.476102   -0.402425 
     13          6          0        4.123116   -0.958627   -1.049524 
     14          6          0        4.200123    0.101529   -0.214809 
     15          1          0        4.893065   -1.499798   -1.590337 
     16          1          0        5.045301    0.687841    0.131430 
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     17          6          0       -2.124843   -0.092126   -0.276025 
     18          6          0       -4.047824    0.998201   -0.805108 
     19          6          0       -4.390082   -0.238621   -0.388582 
     20          1          0       -4.648225    1.830785   -1.157700 
     21          1          0       -5.355595   -0.724492   -0.287194 
     22          7          0        2.901377    0.381107    0.166642 
     23          7          0        2.787713   -1.299916   -1.162522 
     24          7          0       -2.672865    1.071189   -0.724519 
     25          7          0       -3.213898   -0.898091   -0.073421 
     26          6          0       -1.924659    2.160447   -1.340790 
     27          1          0       -1.589446    1.799595   -2.328873 
     28          1          0       -2.636193    2.986108   -1.489061 
     29          6          0        2.515662    1.484933    1.024908 
     30          1          0        2.283852    1.087433    2.030699 
     31          1          0        3.407167    2.117333    1.149460 
     32          6          0        2.370332   -2.378517   -2.048867 
     33          1          0        2.547748   -3.352803   -1.572342 
     34          1          0        1.307442   -2.272576   -2.282020 
     35          1          0        2.957316   -2.301770   -2.975899 
     36          6          0       -3.260420   -2.309754    0.270138 
     37          1          0       -2.248331   -2.730262    0.248254 
     38          1          0       -3.722116   -2.450936    1.260147 
     39          1          0       -3.871815   -2.829931   -0.481466 
     40          6          0        0.226283    1.714213   -0.083961 
     41         15          0       -0.055955   -0.540076    2.098815 
     42          6          0       -0.318030    0.994643    3.077134 
     43          1          0       -0.376183    0.756711    4.151435 
     44          1          0        0.461889    1.748052    2.904847 
     45          1          0       -1.275414    1.430998    2.746130 
     46          6          0        1.394692   -1.377163    2.852069 
     47          1          0        1.276582   -1.451722    3.945082 
     48          1          0        1.435033   -2.383819    2.406663 
     49          1          0        2.336091   -0.861128    2.616728 
     50          6          0       -1.406993   -1.558044    2.808241 
     51          1          0       -1.284443   -1.610169    3.902042 
     52          1          0       -2.375414   -1.089805    2.576503 
     53          1          0       -1.363947   -2.566778    2.374493 
 -------------------------------------------------------------------- 
 
Table S 82. Energies of singlet 28
S
. 
Zero-point correction=                     0.424584(Hartree/Particle) 
Thermal correction to Energy=                    0.452219 
Thermal correction to Enthalpy=                  0.453164 
Thermal correction to Gibbs Free Energy=         0.369684 
Sum of electronic and zero-point Energies=          -2324.164347 
Sum of electronic and thermal Energies=             -2324.136712 
Sum of electronic and thermal Enthalpies=           -2324.135768 
Sum of electronic and thermal Free Energies=        -2324.21924 
 
Table S 83. Coordinates of triplet 28
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.109112   -0.529015   -0.232007 
      2          6          0       -0.841173    1.979851   -1.677588 
      3          6          0        1.157916    2.338997   -0.395232 
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      4          6          0       -0.839959    3.326956   -2.044161 
      5          6          0        1.145518    3.684701   -0.764708 
      6          6          0        0.142902    4.191206   -1.581128 
      7          1          0       -1.624801    3.701759   -2.709249 
      8          1          0        1.941394    4.347104   -0.408221 
      9          1          0        0.135533    5.245839   -1.863976 
     10         17          0        0.015833   -1.793518   -2.456432 
     11         17          0        0.379415   -2.270519    1.493424 
     12          6          0        2.158908   -0.466710   -0.218071 
     13          6          0        4.369129   -0.904119   -0.324468 
     14          6          0        4.237762    0.395177    0.031261 
     15          1          0        5.252143   -1.510597   -0.498613 
     16          1          0        4.976383    1.163941    0.234715 
     17          6          0       -1.981497   -0.546286   -0.415780 
     18          6          0       -3.955127    0.043193   -1.372462 
     19          6          0       -4.215542   -0.933576   -0.475841 
     20          1          0       -4.605216    0.595289   -2.043804 
     21          1          0       -5.143490   -1.416882   -0.186055 
     22          7          0        2.878681    0.640930    0.088298 
     23          7          0        3.094393   -1.418150   -0.476437 
     24          7          0       -2.594594    0.268418   -1.318062 
     25          7          0       -3.004913   -1.288993    0.095390 
     26          6          0       -1.879168    1.089462   -2.288270 
     27          1          0       -1.402209    0.399108   -3.008664 
     28          1          0       -2.633167    1.683842   -2.824648 
     29          6          0        2.264175    1.886159    0.512384 
     30          1          0        1.883037    1.738991    1.541037 
     31          1          0        3.059114    2.645110    0.560390 
     32          6          0        2.839312   -2.815221   -0.796152 
     33          1          0        2.655953   -3.386171    0.124711 
     34          1          0        1.959796   -2.883696   -1.448646 
     35          1          0        3.718546   -3.213612   -1.320085 
     36          6          0       -2.927594   -2.391956    1.035675 
     37          1          0       -1.880674   -2.577048    1.301072 
     38          1          0       -3.506444   -2.154731    1.942182 
     39          1          0       -3.348623   -3.294026    0.567570 
     40          6          0        0.147604    1.446470   -0.822541 
     41         15          0       -0.481984    0.921388    2.479607 
     42          6          0       -0.877989    2.730373    2.545724 
     43          1          0       -1.329603    3.023501    3.509451 
     44          1          0        0.036048    3.323110    2.379752 
     45          1          0       -1.577693    2.967964    1.726869 
     46          6          0        0.497183    0.709491    4.035381 
     47          1          0       -0.044630    1.083796    4.921293 
     48          1          0        0.711500   -0.363973    4.157914 
     49          1          0        1.458807    1.240995    3.953286 
     50          6          0       -2.097322    0.232644    3.053484 
     51          1          0       -2.427608    0.710350    3.991728 
     52          1          0       -2.864121    0.385466    2.275996 
     53          1          0       -1.976259   -0.849813    3.216238 
 -------------------------------------------------------------------- 
 
Table S 84. Energies of triplet 28
T
. 
Zero-point correction=                     0.421803(Hartree/Particle) 
Thermal correction to Energy=                    0.451724 
Thermal correction to Enthalpy=                  0.452668 
Thermal correction to Gibbs Free Energy=         0.360770 
Sum of electronic and zero-point Energies=          -2324.079946 
Sum of electronic and thermal Energies=             -2324.050026 
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Sum of electronic and thermal Enthalpies=           -2324.049081 
Sum of electronic and thermal Free Energies=        -2324.140980 
 
Table S 85. Coordinates of singlet mer-(PMe3)3IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000030   -0.235135   -0.064916 
      2         17          0       -0.000029   -2.596200   -0.634565 
      3         15          0       -0.000072    1.993469   -0.111196 
      4         15          0       -2.301100   -0.453696    0.192426 
      5         15          0        2.301180   -0.453593    0.192488 
      6          6          0        3.357406   -0.463876   -1.316242 
      7          1          0        3.285761    0.495320   -1.850050 
      8          1          0        2.970541   -1.254809   -1.978287 
      9          6          0        3.193207    0.704039    1.321310 
     10          1          0        2.766710    0.583322    2.330172 
     11          1          0        3.077191    1.756379    1.025789 
     12          6          0        2.803358   -2.038545    0.973784 
     13          1          0        2.491127   -2.870554    0.328082 
     14          1          0        2.283160   -2.142975    1.938038 
     15          6          0       -2.803080   -2.038586    0.974019 
     16          1          0       -2.281619   -2.143462    1.937541 
     17          1          0       -2.492053   -2.870646    0.327802 
     18          6          0       -3.193140    0.703984    1.321193 
     19          1          0       -3.076471    1.756394    1.026231 
     20          1          0       -2.767163    0.582666    2.330209 
     21          6          0       -3.357489   -0.464244   -1.316173 
     22          1          0       -2.970477   -1.255069   -1.978268 
     23          1          0       -3.286254    0.494965   -1.850002 
     24          6          0       -0.000359    3.015459    1.429499 
     25          1          0        0.888007    2.766083    2.030131 
     26          1          0       -0.888467    2.765380    2.030235 
     27          6          0        1.375379    2.792552   -1.059338 
     28          1          0        1.337067    2.410698   -2.092115 
     29          1          0        2.362570    2.552415   -0.640253 
     30          6          0       -1.375484    2.792438   -1.059501 
     31          1          0       -2.362624    2.552180   -0.640387 
     32          1          0       -1.337153    2.410584   -2.092276 
     33          1          0       -3.894127   -2.054084    1.132334 
     34          1          0       -4.268079    0.459350    1.354962 
     35          1          0       -4.412348   -0.671527   -1.069374 
     36          1          0        4.268017    0.458921    1.355659 
     37          1          0        3.894601   -2.054518    1.130724 
     38          1          0        4.412365   -0.670826   -1.069597 
     39          1          0        1.254434    3.888671   -1.075622 
     40          1          0       -1.254677    3.888566   -1.075770 
     41          1          0       -0.000763    4.095329    1.203193 
 -------------------------------------------------------------------- 
 
Table S 86. Energies of singlet mer-(PMe3)3IrCl. 
Zero-point correction=                     0.343034(Hartree/Particle) 
Thermal correction to Energy=                    0.367651 
Thermal correction to Enthalpy=                  0.368596 
Thermal correction to Gibbs Free Energy=         0.291302 
Sum of electronic and zero-point Energies=          -1947.617932 
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Sum of electronic and thermal Energies=             -1947.593315 
Sum of electronic and thermal Enthalpies=           -1947.592371 
Sum of electronic and thermal Free Energies=        -1947.669665 
 
Table S 87. Coordinates of singlet 29
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.020285   -0.174658    0.037299 
      2         17          0       -0.241797   -2.583484    0.489247 
      3         15          0       -2.400095   -0.353263   -0.088594 
      4         15          0        2.316116   -0.610481   -0.032790 
      5         15          0        0.200767    2.102312   -0.085881 
      6          6          0       -1.181742    3.103808    0.591602 
      7          1          0       -1.528184    2.648787    1.532766 
      8          1          0       -2.005530    3.152311   -0.131861 
      9          6          0        1.566888    2.816227    0.914286 
     10          1          0        2.547068    2.408914    0.635273 
     11          1          0        1.367816    2.566972    1.967802 
     12          6          0        0.426601    2.849836   -1.741181 
     13          1          0       -0.426225    2.566596   -2.376688 
     14          1          0        1.334712    2.460080   -2.222389 
     15          6          0        3.339604    0.422547   -1.158675 
     16          1          0        3.314648    1.491914   -0.909460 
     17          1          0        2.934282    0.286538   -2.174056 
     18          6          0        3.187497   -0.604990    1.574554 
     19          1          0        2.694797   -1.353866    2.214421 
     20          1          0        3.098598    0.369883    2.074687 
     21          6          0        2.723514   -2.261534   -0.704084 
     22          1          0        2.225599   -2.377662   -1.678354 
     23          1          0        2.345435   -3.037547   -0.026642 
     24          6          0       -3.205689   -0.795263    1.488935 
     25          1          0       -3.016796   -0.008399    2.234166 
     26          1          0       -2.750399   -1.728022    1.853844 
     27          6          0       -3.439383    1.036362   -0.703274 
     28          1          0       -2.985813    1.463073   -1.612901 
     29          1          0       -3.545989    1.817387    0.062027 
     30          6          0       -2.926228   -1.667853   -1.246940 
     31          1          0       -2.380256   -2.592427   -1.016630 
     32          1          0       -2.676159   -1.355883   -2.271290 
     33          1          0        4.385090    0.075542   -1.134239 
     34          1          0        4.248755   -0.867100    1.436039 
     35          1          0        3.816596   -2.341836   -0.818992 
     36          1          0        1.583365    3.910103    0.783423 
     37          1          0        0.486627    3.946662   -1.652615 
     38          1          0       -0.827506    4.128321    0.787757 
     39          1          0       -4.441381    0.652202   -0.954012 
     40          1          0       -4.013353   -1.819454   -1.149504 
     41          1          0       -4.288506   -0.929842    1.335820 
     42         17          0        0.039334   -0.457019   -2.364039 
     43         17          0       -0.070100    0.184154    2.425215 
 -------------------------------------------------------------------- 
 
Table S 88. Energies of singlet 29
S
. 
Zero-point correction=                     0.347370(Hartree/Particle) 
Thermal correction to Energy=                    0.375067 
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Thermal correction to Enthalpy=                  0.376011 
Thermal correction to Gibbs Free Energy=         0.293303 
Sum of electronic and zero-point Energies=          -2868.110565 
Sum of electronic and thermal Energies=             -2868.082868 
Sum of electronic and thermal Enthalpies=           -2868.081924 
Sum of electronic and thermal Free Energies=        -2868.164632 
 
Table S 89. Coordinates of triplet 29
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.016354   -0.270175    0.019128 
      2         17          0       -0.150603   -2.491082    0.870032 
      3         15          0       -2.394870   -0.428134   -0.122127 
      4         15          0        2.333978   -0.621463   -0.009084 
      5         15          0        0.177847    2.130477   -0.146308 
      6          6          0       -1.252813    3.133458    0.412500 
      7          1          0       -1.650534    2.704195    1.344100 
      8          1          0       -2.020683    3.158991   -0.372559 
      9          6          0        1.518657    2.916230    0.830106 
     10          1          0        2.495506    2.451154    0.642927 
     11          1          0        1.267425    2.793004    1.893276 
     12          6          0        0.450581    2.795974   -1.834043 
     13          1          0       -0.341390    2.427050   -2.501771 
     14          1          0        1.409361    2.441052   -2.237151 
     15          6          0        3.363012    0.418564   -1.118338 
     16          1          0        3.323558    1.486405   -0.864368 
     17          1          0        2.975083    0.279666   -2.140293 
     18          6          0        3.143873   -0.592039    1.626613 
     19          1          0        2.637361   -1.346325    2.249128 
     20          1          0        2.998159    0.383853    2.111691 
     21          6          0        2.748072   -2.274165   -0.676315 
     22          1          0        2.259391   -2.378115   -1.657613 
     23          1          0        2.362690   -3.051919   -0.004221 
     24          6          0       -3.266013   -0.585404    1.473308 
     25          1          0       -3.070218    0.306512    2.086633 
     26          1          0       -2.848598   -1.451909    2.007602 
     27          6          0       -3.353187    0.852724   -1.023185 
     28          1          0       -2.830550    1.105152   -1.959467 
     29          1          0       -3.473660    1.751559   -0.403656 
     30          6          0       -2.873518   -1.928348   -1.053327 
     31          1          0       -2.450707   -2.814682   -0.561061 
     32          1          0       -2.456624   -1.851205   -2.069075 
     33          1          0        4.411047    0.081054   -1.074853 
     34          1          0        4.217125   -0.826346    1.542500 
     35          1          0        3.840740   -2.367801   -0.783128 
     36          1          0        1.571484    3.985011    0.565430 
     37          1          0        0.444700    3.897861   -1.799877 
     38          1          0       -0.911813    4.164378    0.600016 
     39          1          0       -4.353285    0.458071   -1.264419 
     40          1          0       -3.972007   -2.003950   -1.095134 
     41          1          0       -4.347289   -0.721645    1.310205 
     42         17          0        0.057524   -0.470305   -2.569714 
     43         17          0       -0.192409    0.673580    2.599748 
 -------------------------------------------------------------------- 
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Table S 90. Energies of triplet 29
T
. 
Zero-point correction=                     0.345741(Hartree/Particle) 
Thermal correction to Energy=                    0.374500 
Thermal correction to Enthalpy=                  0.375444 
Thermal correction to Gibbs Free Energy=         0.287990 
Sum of electronic and zero-point Energies=          -2868.041143 
Sum of electronic and thermal Energies=             -2868.012384 
Sum of electronic and thermal Enthalpies=           -2868.011439 
Sum of electronic and thermal Free Energies=        -2868.098894 
 
Table S 91. Coordinates of singlet trans-(PH3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.376259    0.000222   -0.000019 
      2         15          0        0.184874    2.310389   -0.000019 
      3          1          0       -0.531331    2.887360    1.085419 
      4          1          0        1.335051    3.150416   -0.000027 
      5         15          0        0.187792   -2.309976   -0.000020 
      6          1          0       -0.527578   -2.888123   -1.085412 
      7          1          0        1.339315   -3.148164   -0.000275 
      8          6          0        2.202273    0.000937    0.000003 
      9          8          0        3.361888    0.001112    0.000133 
     10         35          0       -2.149361   -0.001104    0.000036 
     11          1          0       -0.531208    2.887379   -1.085551 
     12          1          0       -0.527292   -2.888042    1.085584 
 -------------------------------------------------------------------- 
 
Table S 92. Energies of singlet trans-(PH3)2(CO)IrBr. 
Zero-point correction=                     0.065055(Hartree/Particle) 
Thermal correction to Energy=                    0.075802 
Thermal correction to Enthalpy=                  0.076746 
Thermal correction to Gibbs Free Energy=         0.025842 
Sum of electronic and zero-point Energies=          -3478.319883 
Sum of electronic and thermal Energies=             -3478.309136 
Sum of electronic and thermal Enthalpies=           -3478.308191 
Sum of electronic and thermal Free Energies=        -3478.359096 
 
Table S 93. Coordinates of singlet 30
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000011    0.278262    0.000000 
      2         15          0        0.000425   -0.014078    2.331008 
      3          1          0        1.111501   -0.746329    2.820990 
      4          1          0        0.001423    1.122245    3.186880 
      5         15          0       -0.000292   -0.014106   -2.331014 
      6          1          0       -1.111441   -0.746120   -2.821192 
      7          1          0       -0.000911    1.122199   -3.186911 
      8          6          0       -0.000014    2.139092    0.000000 
      9          8          0       -0.000037    3.284271   -0.000006 
     10         35          0        2.549597    0.290158   -0.000189 
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     11         35          0       -2.549595    0.290180    0.000179 
     12         35          0       -0.000043   -2.276729    0.000013 
     13          1          0       -1.111130   -0.745055    2.821829 
     14          1          0        1.111189   -0.745340   -2.821612 
 -------------------------------------------------------------------- 
 
Table S 94. Energies of singlet 30
S
. 
Zero-point correction=                     0.067301(Hartree/Particle) 
Thermal correction to Energy=                    0.081979 
Thermal correction to Enthalpy=                  0.082923 
Thermal correction to Gibbs Free Energy=         0.022137 
Sum of electronic and zero-point Energies=          -8626.445939 
Sum of electronic and thermal Energies=             -8626.431261 
Sum of electronic and thermal Enthalpies=           -8626.430317 
Sum of electronic and thermal Free Energies=        -8626.491103 
 
Table S 95. Coordinates of triplet 30
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000043    0.045197    0.000356 
      2         15          0        0.241854   -0.093418    2.340587 
      3          1          0        1.209212   -1.027522    2.793836 
      4          1          0        0.630841    1.072729    3.053336 
      5         15          0       -0.241773   -0.091491   -2.340041 
      6          1          0       -1.208427   -1.025939   -2.794068 
      7          1          0       -0.631681    1.075004   -3.051710 
      8          6          0        0.000023    1.956887    0.001322 
      9          8          0        0.000104    3.099451    0.002025 
     10         35          0        2.754102    0.693619   -0.114671 
     11         35          0       -2.754152    0.693475    0.113509 
     12         35          0        0.000072   -2.426080   -0.000593 
     13          1          0       -0.908729   -0.488342    3.075631 
     14          1          0        0.909163   -0.484894   -3.075353 
 -------------------------------------------------------------------- 
 
Table S 96. Energies of triplet 30
T
. 
Zero-point correction=                     0.065833(Hartree/Particle) 
Thermal correction to Energy=                    0.080649 
Thermal correction to Enthalpy=                  0.081594 
Thermal correction to Gibbs Free Energy=         0.017780 
Sum of electronic and zero-point Energies=          -8626.370329 
Sum of electronic and thermal Energies=             -8626.355513 
Sum of electronic and thermal Enthalpies=           -8626.354568 
Sum of electronic and thermal Free Energies=        -8626.418382 
 
Table S 97. Coordinates of singlet trans-(PMe3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
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      1         77          0       -0.000009    0.325868    0.000016 
      2         15          0        2.339002    0.200074    0.000019 
      3         15          0       -2.339003    0.200023   -0.000038 
      4          6          0       -0.000028    2.136881   -0.000019 
      5          8          0       -0.000085    3.301942   -0.000012 
      6         35          0        0.000057   -2.218120    0.000003 
      7          6          0        3.266217    1.782810   -0.000055 
      8          1          0        2.997906    2.369429    0.892008 
      9          1          0        4.351979    1.593888    0.000161 
     10          1          0        2.998161    2.369123   -0.892395 
     11          6          0        3.054396   -0.683523   -1.435973 
     12          1          0        4.152330   -0.737727   -1.352933 
     13          1          0        2.626257   -1.696348   -1.472447 
     14          1          0        2.777325   -0.152666   -2.359124 
     15          6          0        3.054567   -0.683570    1.435904 
     16          1          0        4.152473   -0.737951    1.352578 
     17          1          0        2.777835   -0.152675    2.359131 
     18          1          0        2.626286   -1.696333    1.472466 
     19          6          0       -3.054449   -0.683625    1.435898 
     20          1          0       -4.152369   -0.737943    1.352746 
     21          1          0       -2.626212   -1.696408    1.472415 
     22          1          0       -2.777537   -0.152740    2.359080 
     23          6          0       -3.266254    1.782738    0.000083 
     24          1          0       -2.998018    2.369408   -0.891966 
     25          1          0       -4.352008    1.593755   -0.000085 
     26          1          0       -2.998218    2.369020    0.892450 
     27          6          0       -3.054514   -0.683602   -1.435956 
     28          1          0       -4.152414   -0.738094   -1.352625 
     29          1          0       -2.777836   -0.152672   -2.359177 
     30          1          0       -2.626155   -1.696333   -1.472538 
 -------------------------------------------------------------------- 
 
Table S 98. Energies of singlet trans-(PMe3)2(CO)IrBr. 
Zero-point correction=                     0.236685(Hartree/Particle) 
Thermal correction to Energy=                    0.256833 
Thermal correction to Enthalpy=                  0.257777 
Thermal correction to Gibbs Free Energy=         0.187393 
Sum of electronic and zero-point Energies=          -3713.895258 
Sum of electronic and thermal Energies=             -3713.875110 
Sum of electronic and thermal Enthalpies=           -3713.874166 
Sum of electronic and thermal Free Energies=        -3713.944550 
 
Table S 99. Coordinates of singlet 31
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000019    0.000005    0.239357 
      2         15          0       -2.386521   -0.000025    0.047048 
      3         15          0        2.386518    0.000011    0.047042 
      4          6          0        0.000012   -0.000032    2.080979 
      5          8          0        0.000055   -0.000037    3.230511 
      6         35          0        0.000000   -2.555263    0.333998 
      7         35          0       -0.000009    2.555273    0.334052 
      8         35          0        0.000006    0.000035   -2.330293 
      9          6          0       -3.239056    0.000001    1.664481 
     10          1          0       -2.943259    0.897481    2.230886 
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     11          1          0       -4.332114   -0.000336    1.527898 
     12          1          0       -2.942719   -0.897068    2.231250 
     13          6          0       -3.088356   -1.437115   -0.828169 
     14          1          0       -4.177928   -1.306258   -0.925553 
     15          1          0       -2.622117   -1.507198   -1.822220 
     16          1          0       -2.861381   -2.356059   -0.269738 
     17          6          0       -3.088376    1.437048   -0.828181 
     18          1          0       -4.177971    1.306294   -0.925406 
     19          1          0       -2.861204    2.356007   -0.269851 
     20          1          0       -2.622247    1.507021   -1.822293 
     21          6          0        3.088339   -1.437030   -0.828275 
     22          1          0        4.177927   -1.306239   -0.925554 
     23          1          0        2.861235   -2.356004   -0.269942 
     24          1          0        2.622163   -1.507003   -1.822365 
     25          6          0        3.239176   -0.000174    1.664417 
     26          1          0        2.943222   -0.897572    2.230868 
     27          1          0        4.332216   -0.000119    1.527670 
     28          1          0        2.943180    0.896985    2.231217 
     29          6          0        3.088376    1.437138   -0.828095 
     30          1          0        4.177962    1.306322   -0.925378 
     31          1          0        2.622219    1.507223   -1.822185 
     32          1          0        2.861310    2.356062   -0.269667 
 -------------------------------------------------------------------- 
 
Table S 100.Energies of singlet 31
S
. 
Zero-point correction=                     0.238966(Hartree/Particle) 
Thermal correction to Energy=                    0.263108 
Thermal correction to Enthalpy=                  0.264052 
Thermal correction to Gibbs Free Energy=         0.184394 
Sum of electronic and zero-point Energies=          -8862.037651 
Sum of electronic and thermal Energies=             -8862.013509 
Sum of electronic and thermal Enthalpies=           -8862.012565 
Sum of electronic and thermal Free Energies=        -8862.092222 
 
Table S 101. Coordinates of triplet 31
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000015    0.000046    0.025360 
      2         15          0       -2.379649    0.054144   -0.076980 
      3         15          0        2.379650   -0.053978   -0.077162 
      4          6          0        0.000183   -0.000382    1.930016 
      5          8          0        0.000464   -0.000680    3.075215 
      6         35          0       -0.073888   -2.753958    0.799273 
      7         35          0        0.073870    2.753706    0.799658 
      8         35          0       -0.000100    0.000110   -2.455431 
      9          6          0       -3.205110    0.049442    1.553168 
     10          1          0       -2.849442    0.910400    2.140856 
     11          1          0       -4.298143    0.112708    1.433074 
     12          1          0       -2.950338   -0.879946    2.086553 
     13          6          0       -3.110976   -1.366801   -0.956900 
     14          1          0       -4.209218   -1.281011   -0.976224 
     15          1          0       -2.716959   -1.389530   -1.983897 
     16          1          0       -2.807613   -2.292012   -0.443988 
     17          6          0       -3.049099    1.529166   -0.916125 
     18          1          0       -4.149476    1.483934   -0.946663 
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     19          1          0       -2.717452    2.426138   -0.371542 
     20          1          0       -2.645766    1.570721   -1.938977 
     21          6          0        3.205053   -0.048755    1.553009 
     22          1          0        2.848482   -0.908871    2.141366 
     23          1          0        4.298039   -0.113099    1.433104 
     24          1          0        2.951005    0.881300    2.085581 
     25          6          0        3.049176   -1.529157   -0.915961 
     26          1          0        4.149548   -1.483832   -0.946553 
     27          1          0        2.717631   -2.426030   -0.371148 
     28          1          0        2.645797   -1.571003   -1.938782 
     29          6          0        3.110787    1.366819   -0.957464 
     30          1          0        4.209056    1.281330   -0.976563 
     31          1          0        2.716952    1.389050   -1.984542 
     32          1          0        2.807065    2.292125   -0.444932 
 -------------------------------------------------------------------- 
 
Table S 102. Energies of triplet 31
T
. 
Zero-point correction=                     0.237488(Hartree/Particle) 
Thermal correction to Energy=                    0.262473 
Thermal correction to Enthalpy=                  0.263417 
Thermal correction to Gibbs Free Energy=         0.179608 
Sum of electronic and zero-point Energies=          -8861.964961 
Sum of electronic and thermal Energies=             -8861.939977 
Sum of electronic and thermal Enthalpies=           -8861.939032 
Sum of electronic and thermal Free Energies=        -8862.02284 
 
Table S 103. Coordinates of singlet trans-(P(CF3)3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000295    0.227597   -0.026979 
      2         15          0        2.295744    0.116898   -0.029179 
      3         15          0       -2.291366    0.108741   -0.039754 
      4          6          0        3.234742    1.747170    0.296221 
      5          6          0        3.164825   -0.430263   -1.639824 
      6          6          0        3.137381   -1.017954    1.267387 
      7          6          0       -3.225032   -1.383929   -0.783709 
      8          6          0       -3.068696    0.163417    1.694612 
      9          6          0       -3.277389    1.511121   -0.881560 
     10          9          0        4.529603    1.670949    0.031082 
     11          9          0        3.066128    2.065725    1.577127 
     12          9          0        2.711322    2.712535   -0.450546 
     13          9          0        3.063819    0.567391   -2.515477 
     14          9          0        4.452137   -0.684058   -1.434651 
     15          9          0        2.591607   -1.503627   -2.145643 
     16          9          0        4.377317   -0.616187    1.532890 
     17          9          0        2.433573   -0.972514    2.386716 
     18          9          0        3.188363   -2.261757    0.821239 
     19          9          0       -2.705317   -1.716318   -1.951845 
     20          9          0       -3.161741   -2.411035    0.047272 
     21          9          0       -4.505588   -1.066574   -0.964374 
     22          9          0       -2.424899   -0.668676    2.495301 
     23          9          0       -4.356023   -0.154416    1.690206 
     24          9          0       -2.932154    1.406356    2.156613 
     25          9          0       -4.524584    1.600827   -0.441806 
     26          9          0       -2.675293    2.673283   -0.667989 
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     27          9          0       -3.296874    1.270801   -2.189182 
     28          6          0       -0.016339    2.073078    0.071696 
     29          8          0       -0.013124    3.218079    0.195762 
     30         35          0        0.053787   -2.281268    0.045826 
 -------------------------------------------------------------------- 
 
Table S 104. Energies of singlet trans-(P(CF3)3)2(CO)IrBr. 
Zero-point correction=                     0.106347(Hartree/Particle) 
Thermal correction to Energy=                    0.137717 
Thermal correction to Enthalpy=                  0.138662 
Thermal correction to Gibbs Free Energy=         0.041523 
Sum of electronic and zero-point Energies=          -5499.948229 
Sum of electronic and thermal Energies=             -5499.916858 
Sum of electronic and thermal Enthalpies=           -5499.915914 
Sum of electronic and thermal Free Energies=        -5500.013052 
 
Table S 105. Coordinates of singlet 32
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000076    0.000113    0.275878 
      2         15          0       -2.341445   -0.018791    0.014457 
      3         15          0        2.341541    0.018543    0.014457 
      4          6          0       -3.344166    0.497415    1.564224 
      5          6          0       -3.201260   -1.688834   -0.375423 
      6          6          0       -3.218368    1.060700   -1.325407 
      7          6          0        3.217554   -1.059172   -1.327515 
      8          6          0        3.202053    1.688820   -0.372935 
      9          6          0        3.344160   -0.500812    1.563338 
     10          9          0       -4.599953    0.082522    1.534116 
     11          9          0       -3.327618    1.816402    1.666633 
     12          9          0       -2.755952   -0.030937    2.634148 
     13          9          0       -3.203278   -2.429002    0.725014 
     14          9          0       -4.461644   -1.465145   -0.736394 
     15          9          0       -2.586784   -2.326413   -1.345404 
     16          9          0       -4.451129    1.323580   -0.894942 
     17          9          0       -2.602573    2.192439   -1.558246 
     18          9          0       -3.307407    0.359550   -2.444284 
     19          9          0        2.600460   -2.189555   -1.563364 
     20          9          0        3.308017   -0.355522   -2.444761 
     21          9          0        4.449789   -1.324604   -0.897131 
     22          9          0        2.588041    2.327784   -1.342345 
     23          9          0        4.462491    1.465323   -0.733811 
     24          9          0        3.203884    2.427611    0.728379 
     25          9          0        4.600175   -0.086637    1.533836 
     26          9          0        2.756198    0.026472    2.634021 
     27          9          0        3.326859   -1.819869    1.664001 
     28          6          0        0.000246   -0.000842    2.157191 
     29          8          0        0.000195   -0.001277    3.296580 
     30         35          0        0.150899   -2.549659    0.397469 
     31         35          0       -0.150574    2.549775    0.399991 
     32         35          0       -0.000507    0.002043   -2.277031 
 -------------------------------------------------------------------- 
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Table S 106. Energies of singlet 32
S
. 
Zero-point correction=                     0.108580(Hartree/Particle) 
Thermal correction to Energy=                    0.143971 
Thermal correction to Enthalpy=                  0.144915 
Thermal correction to Gibbs Free Energy=         0.038781 
Sum of electronic and zero-point Energies=         -10648.057394 
Sum of electronic and thermal Energies=            -10648.022003 
Sum of electronic and thermal Enthalpies=          -10648.021059 
Sum of electronic and thermal Free Energies=       -10648.127193 
 
Table S 107. Coordinates of triplet 32
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.002267    0.049388    0.382581 
      2         15          0       -2.687937   -0.013236   -0.056312 
      3         15          0        2.681239    0.004107   -0.066470 
      4          6          0       -3.690165    0.374380    1.515306 
      5          6          0       -3.490204   -1.678585   -0.522476 
      6          6          0       -3.618960    1.118212   -1.289429 
      7          6          0        3.508856   -0.913548   -1.529143 
      8          6          0        3.635798    1.648289   -0.172800 
      9          6          0        3.630112   -0.802995    1.378846 
     10          9          0       -4.954134   -0.016615    1.473481 
     11          9          0       -3.648233    1.688820    1.722640 
     12          9          0       -3.098805   -0.232776    2.545448 
     13          9          0       -3.392697   -2.495286    0.524200 
     14          9          0       -4.772581   -1.556286   -0.841819 
     15          9          0       -2.841004   -2.200812   -1.547516 
     16          9          0       -4.909933    1.212731   -0.984584 
     17          9          0       -3.091846    2.331617   -1.260138 
     18          9          0       -3.509805    0.618435   -2.510350 
     19          9          0        2.861270   -2.040236   -1.766230 
     20          9          0        3.466178   -0.142475   -2.605486 
     21          9          0        4.781110   -1.198083   -1.264314 
     22          9          0        3.085432    2.415961   -1.098789 
     23          9          0        4.918837    1.480380   -0.466689 
     24          9          0        3.542879    2.255671    1.009006 
     25          9          0        4.923191   -0.518281    1.407809 
     26          9          0        3.085592   -0.384462    2.522195 
     27          9          0        3.479739   -2.121449    1.298096 
     28          6          0        0.005118    0.049928    2.261201 
     29          8          0        0.005042    0.054891    3.402707 
     30         35          0        0.092077   -2.425890    0.398687 
     31         35          0       -0.041761    2.517051    0.395502 
     32         35          0       -0.030448    0.059404   -2.170937 
 -------------------------------------------------------------------- 
 
Table S 108. Energies of triplet 32
T
. 
Zero-point correction=                     0.106446(Hartree/Particle) 
Thermal correction to Energy=                    0.142778 
Thermal correction to Enthalpy=                  0.143722 
Thermal correction to Gibbs Free Energy=         0.032270 
Sum of electronic and zero-point Energies=         -10647.989675 
Sum of electronic and thermal Energies=            -10647.953342 
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Sum of electronic and thermal Enthalpies=          -10647.952398 
Sum of electronic and thermal Free Energies=       -10648.063850 
 
Table S 109. Coordinates of singlet trans-(P(CF3)3)2(CO)Ir(OH). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.018216    0.251602   -0.023622 
      2         15          0        2.257531   -0.034747   -0.006668 
      3         15          0       -2.257415   -0.052958   -0.022620 
      4          6          0        3.405856    1.466021    0.216609 
      5          6          0        3.032075   -0.791090   -1.570723 
      6          6          0        2.937932   -1.191378    1.352025 
      7          6          0       -2.865388   -1.828368   -0.327400 
      8          6          0       -3.141824    0.323664    1.617365 
      9          6          0       -3.379667    0.899066   -1.226957 
     10          9          0        4.676243    1.245868   -0.090135 
     11          9          0        3.327096    1.843139    1.492465 
     12          9          0        2.956414    2.460756   -0.544942 
     13          9          0        3.076993    0.161548   -2.501788 
     14          9          0        4.271689   -1.204307   -1.326880 
     15          9          0        2.331595   -1.807181   -2.041183 
     16          9          0        4.173808   -0.811301    1.685527 
     17          9          0        2.174289   -1.105433    2.428769 
     18          9          0        2.990875   -2.443804    0.939081 
     19          9          0       -2.231611   -2.330448   -1.385417 
     20          9          0       -2.591077   -2.569412    0.736238 
     21          9          0       -4.171088   -1.879759   -0.561694 
     22          9          0       -2.423199   -0.150556    2.623362 
     23          9          0       -4.358688   -0.202284    1.676823 
     24          9          0       -3.237454    1.646665    1.740036 
     25          9          0       -4.657446    0.854692   -0.872688 
     26          9          0       -2.999124    2.168334   -1.275037 
     27          9          0       -3.249171    0.363054   -2.437215 
     28          6          0       -0.150856    2.097853   -0.008205 
     29          8          0       -0.196004    3.250747   -0.009262 
     30          8          0        0.408792   -1.734048    0.027433 
     31          1          0        0.128546   -2.202080   -0.771306 
 -------------------------------------------------------------------- 
 
Table S 110. Energies of singlet trans-(P(CF3)3)2(CO)Ir(OH). 
Zero-point correction=                     0.118973(Hartree/Particle) 
Thermal correction to Energy=                    0.149380 
Thermal correction to Enthalpy=                  0.150324 
Thermal correction to Gibbs Free Energy=         0.056388 
Sum of electronic and zero-point Energies=          -3001.660571 
Sum of electronic and thermal Energies=             -3001.630164 
Sum of electronic and thermal Enthalpies=           -3001.629220 
Sum of electronic and thermal Free Energies=        -3001.723156 
 
Table S 111. Coordinates of singlet 33
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
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 -------------------------------------------------------------------- 
      1         77          0        0.005468    0.237002   -0.073992 
      2         15          0        2.274496   -0.045231    0.043375 
      3         15          0       -2.306845   -0.046979    0.041013 
      4          6          0        3.314967    1.242903    0.976467 
      5          6          0        3.123514   -0.065372   -1.669314 
      6          6          0        2.966105   -1.703225    0.673326 
      7          6          0       -2.937833   -1.764141   -0.494912 
      8          6          0       -3.065721    0.106693    1.778737 
      9          6          0       -3.458327    1.077218   -0.977686 
     10          9          0        4.419256    1.526588    0.287803 
     11          9          0        3.670520    0.791565    2.166410 
     12          9          0        2.614218    2.358464    1.119185 
     13          9          0        3.025241    1.161728   -2.181640 
     14          9          0        4.391165   -0.447724   -1.713231 
     15          9          0        2.411390   -0.898979   -2.439583 
     16          9          0        4.286248   -1.551728    0.812130 
     17          9          0        2.474907   -2.105042    1.826328 
     18          9          0        2.752672   -2.634238   -0.249383 
     19          9          0       -2.314493   -2.220051   -1.567689 
     20          9          0       -2.796489   -2.627556    0.497273 
     21          9          0       -4.236997   -1.664379   -0.783512 
     22          9          0       -2.266794   -0.529228    2.630231 
     23          9          0       -4.294234   -0.367161    1.916943 
     24          9          0       -3.066261    1.405065    2.085124 
     25          9          0       -4.665152    1.123273   -0.414465 
     26          9          0       -2.959035    2.306085   -1.001610 
     27          9          0       -3.590861    0.630930   -2.210954 
     28          6          0        0.036065    2.112953   -0.152753 
     29          8          0        0.048312    3.254462   -0.231856 
     30          8          0       -0.028293   -1.782637    0.097532 
     31          1          0        0.027904   -2.215259   -0.765569 
     32          8          0       -0.789421    0.159407   -1.971780 
     33          1          0       -0.435028   -0.620817   -2.421438 
     34          8          0        0.918960    0.159706    1.810263 
     35          1          0        0.704556   -0.718149    2.167844 
 -------------------------------------------------------------------- 
 
Table S 112. Energies of singlet 33
S
. 
Zero-point correction=                     0.149009(Hartree/Particle) 
Thermal correction to Energy=                    0.182937 
Thermal correction to Enthalpy=                  0.183881 
Thermal correction to Gibbs Free Energy=         0.084178 
Sum of electronic and zero-point Energies=          -3153.198576 
Sum of electronic and thermal Energies=             -3153.164648 
Sum of electronic and thermal Enthalpies=           -3153.163704 
Sum of electronic and thermal Free Energies=        -3153.263407 
 
Table S 113. Coordinates of triplet 33
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.376106   -0.929456   -0.106245 
      2         15          0        2.973727   -0.167635   -0.133113 
      3         15          0       -2.596646    0.255320    0.003804 
      4          6          0        4.772127   -0.754058   -0.437139 
264 
 
      5          6          0        3.313060    0.438874    1.644447 
      6          6          0        3.093706    1.520971   -1.037222 
      7          6          0       -2.616774    1.808515    1.102517 
      8          6          0       -3.325363    0.911978   -1.625022 
      9          6          0       -4.081659   -0.688508    0.708880 
     10          9          0        5.758521   -0.001038    0.039035 
     11          9          0        4.939238   -0.871942   -1.758493 
     12          9          0        4.892857   -1.968676    0.105441 
     13          9          0        3.801046   -0.599336    2.326055 
     14          9          0        4.173389    1.443657    1.744197 
     15          9          0        2.182060    0.825673    2.262272 
     16          9          0        4.328386    1.813552   -1.441849 
     17          9          0        2.323147    1.465835   -2.129629 
     18          9          0        2.674549    2.528731   -0.278092 
     19          9          0       -1.874805    1.566847    2.181695 
     20          9          0       -2.077253    2.817286    0.431568 
     21          9          0       -3.833516    2.151211    1.499007 
     22          9          0       -2.373258    1.512234   -2.318602 
     23          9          0       -4.326341    1.764210   -1.449271 
     24          9          0       -3.772074   -0.140617   -2.302495 
     25          9          0       -5.237568   -0.083393    0.482243 
     26          9          0       -4.113819   -1.893659    0.151677 
     27          9          0       -3.905443   -0.822138    2.018521 
     28          6          0       -1.001404   -2.684816   -0.336985 
     29          8          0       -1.373229   -3.759870   -0.464694 
     30          8          0        0.486097    0.887555    0.017801 
     31          1          0        0.418053    1.337219    0.870685 
     32          8          0       -0.284592   -1.175681    1.827472 
     33          1          0        0.169938   -0.418550    2.232549 
     34          8          0       -0.143527   -0.671936   -2.012222 
     35          1          0        0.283710    0.199914   -2.115972 
 ------------------------------------------------------------------- 
 
Table S 114. Energies of triplet 33
T
. 
Zero-point correction=                     0.147782(Hartree/Particle) 
Thermal correction to Energy=                    0.181834 
Thermal correction to Enthalpy=                  0.182778 
Thermal correction to Gibbs Free Energy=         0.078493 
Sum of electronic and zero-point Energies=          -3153.151810 
Sum of electronic and thermal Energies=             -3153.117758 
Sum of electronic and thermal Enthalpies=           -3153.116814 
Sum of electronic and thermal Free Energies=        -3153.221098 
 
Table S 115. Coordinates of singlet trans-(PF3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000056    0.305259    0.000359 
      2         15          0        2.251627    0.184864   -0.000373 
      3         15          0       -2.251697    0.184615   -0.000345 
      4          9          0        3.073665    1.547999   -0.000783 
      5          9          0        2.977144   -0.546930   -1.205288 
      6          9          0        2.978166   -0.547052    1.203894 
      7          9          0       -2.976705   -0.548228   -1.204946 
      8          9          0       -2.978562   -0.546713    1.204055 
      9          9          0       -3.073904    1.547654   -0.001632 
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     10          6          0       -0.000281    2.162922    0.000660 
     11          8          0       -0.000354    3.311984    0.000893 
     12         35          0        0.000334   -2.190889    0.000409 
 -------------------------------------------------------------------- 
 
Table S 116. Energies of singlet trans-(PF3)2(CO)IrBr. 
Zero-point correction=                     0.030520(Hartree/Particle) 
Thermal correction to Energy=                    0.045869 
Thermal correction to Enthalpy=                  0.046814 
Thermal correction to Gibbs Free Energy=        -0.017712 
Sum of electronic and zero-point Energies=          -4073.842731 
Sum of electronic and thermal Energies=             -4073.827382 
Sum of electronic and thermal Enthalpies=           -4073.826437 
Sum of electronic and thermal Free Energies=        -4073.890963 
 
Table S 117. Coordinates of singlet 34
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000010    0.000021    0.248192 
      2         15          0       -2.277806    0.001005    0.031600 
      3         15          0        2.277796   -0.001056    0.031743 
      4          9          0       -3.097203    0.001044    1.390650 
      5          9          0       -2.970503   -1.202499   -0.711184 
      6          9          0       -2.970032    1.204967   -0.710783 
      7          9          0        2.969987   -1.204985   -0.710726 
      8          9          0        2.970616    1.202483   -0.710869 
      9          9          0        3.097112   -0.001285    1.390842 
     10          6          0       -0.000052    0.000058    2.140688 
     11          8          0       -0.000250    0.000329    3.278221 
     12         35          0       -0.001453   -2.551532    0.308688 
     13         35          0        0.001417    2.551577    0.308499 
     14         35          0        0.000135   -0.000083   -2.290678 
 -------------------------------------------------------------------- 
 
Table S 118. Energies of singlet 34
S
. 
Zero-point correction=                     0.032704(Hartree/Particle) 
Thermal correction to Energy=                    0.050258 
Thermal correction to Enthalpy=                  0.051202 
Thermal correction to Gibbs Free Energy=        -0.016514 
Sum of electronic and zero-point Energies=          -9221.947773 
Sum of electronic and thermal Energies=             -9221.930218 
Sum of electronic and thermal Enthalpies=           -9221.929274 
Sum of electronic and thermal Free Energies=        -9221.996990 
 
Table S 119. Coordinates of triplet 34
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000577    0.000316    0.053828 
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      2         15          0       -2.182221   -0.684566   -0.060058 
      3         15          0        2.183293    0.684312   -0.058508 
      4          9          0       -2.967601   -0.798892    1.312339 
      5          9          0       -2.488390   -2.106489   -0.676942 
      6          9          0       -3.197944    0.189509   -0.894961 
      7          9          0        3.198984   -0.190376   -0.892817 
      8          9          0        2.490934    2.106086   -0.675025 
      9          9          0        2.967883    0.797936    1.314411 
     10          6          0        0.000067    0.000515    1.986783 
     11          8          0       -0.000341    0.000459    3.123619 
     12         35          0        0.946319   -2.575534    0.710456 
     13         35          0       -0.950104    2.574773    0.710290 
     14         35          0        0.001130    0.000555   -2.411002 
 -------------------------------------------------------------------- 
 
Table S 120. Energies of triplet 34
T
. 
Zero-point correction=                     0.031136(Hartree/Particle) 
Thermal correction to Energy=                    0.051533 
Thermal correction to Enthalpy=                  0.052477 
Thermal correction to Gibbs Free Energy=        -0.028882 
Sum of electronic and zero-point Energies=          -9221.877655 
Sum of electronic and thermal Energies=             -9221.857259 
Sum of electronic and thermal Enthalpies=           -9221.856315 
Sum of electronic and thermal Free Energies=        -9221.937673 
 
Table S 121. Coordinates of singlet trans-(NF3)2(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000018    0.068290   -0.000070 
      2          7          0        2.030661   -0.010977   -0.000014 
      3          7          0       -2.030642   -0.011045   -0.000013 
      4          9          0        2.699184    1.172062   -0.000020 
      5          9          0        2.575043   -0.655897   -1.056097 
      6          9          0        2.574729   -0.655629    1.056439 
      7          9          0       -2.574996   -0.656149   -1.056091 
      8          9          0       -2.574623   -0.655591    1.056548 
      9          9          0       -2.699244    1.171907   -0.000107 
     10          6          0       -0.000240    1.919042    0.000051 
     11          8          0       -0.000022    3.071141   -0.000090 
     12         17          0        0.000123   -2.274934   -0.000005 
 -------------------------------------------------------------------- 
 
Table S 122. Energies of singlet trans-(NF3)2(CO)IrCl. 
Zero-point correction=                     0.035795(Hartree/Particle) 
Thermal correction to Energy=                    0.049038 
Thermal correction to Enthalpy=                  0.049982 
Thermal correction to Gibbs Free Energy=        -0.007080 
Sum of electronic and zero-point Energies=          -1386.151064 
Sum of electronic and thermal Energies=             -1386.137821 
Sum of electronic and thermal Enthalpies=           -1386.136877 
Sum of electronic and thermal Free Energies=        -1386.193939 
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Table S 123. Coordinates of singlet 35
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000005   -0.000027   -0.046373 
      2          7          0        2.077444   -0.068379    0.055173 
      3          7          0       -2.077453    0.068503    0.055073 
      4          9          0        2.685915    0.103808   -1.142253 
      5          9          0        2.592627   -1.211954    0.508690 
      6          9          0        2.638680    0.860198    0.827065 
      7          9          0       -2.638860   -0.860087    0.826847 
      8          9          0       -2.592501    1.212106    0.508690 
      9          9          0       -2.685870   -0.103470   -1.142430 
     10          6          0        0.000059   -0.000406   -1.943888 
     11          8          0        0.000088   -0.000680   -3.081523 
     12         17          0       -0.000117    0.000294    2.304279 
     13         17          0       -0.156548   -2.383089   -0.103640 
     14         17          0        0.156591    2.383013   -0.104459 
 ------------------------------------------------------------------- 
 
Table S 124. Energies of singlet 35
S
. 
Zero-point correction=                     0.039996(Hartree/Particle) 
Thermal correction to Energy=                    0.054607 
Thermal correction to Enthalpy=                  0.055551 
Thermal correction to Gibbs Free Energy=        -0.002635 
Sum of electronic and zero-point Energies=          -2306.568693 
Sum of electronic and thermal Energies=             -2306.554081 
Sum of electronic and thermal Enthalpies=           -2306.553137 
Sum of electronic and thermal Free Energies=        -2306.611323 
 
Table S 125. Coordinates of triplet 35
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000004    0.072460   -0.000035 
      2          7          0        2.569987   -0.181855   -0.000053 
      3          7          0       -2.569997   -0.181867    0.000139 
      4          9          0        3.270731    0.979369   -0.000183 
      5          9          0        3.070915   -0.846314   -1.055915 
      6          9          0        3.071258   -0.846279    1.055661 
      7          9          0       -3.071349   -0.846425   -1.055452 
      8          9          0       -3.070806   -0.846254    1.056109 
      9          9          0       -3.270765    0.979358    0.000267 
     10          6          0       -0.000018    2.005675   -0.000149 
     11          8          0       -0.000080    3.141975   -0.000134 
     12         17          0        0.000011   -2.223371    0.000070 
     13         17          0       -0.000411    0.306741   -2.319228 
     14         17          0        0.000438    0.306968    2.319140 
 -------------------------------------------------------------------- 
 
Table S 126. Energies of triplet 35
T
. 
Zero-point correction=                     0.036963(Hartree/Particle) 
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Thermal correction to Energy=                    0.055253 
Thermal correction to Enthalpy=                  0.056197 
Thermal correction to Gibbs Free Energy=        -0.015031 
Sum of electronic and zero-point Energies=          -2306.536849 
Sum of electronic and thermal Energies=             -2306.518558 
Sum of electronic and thermal Enthalpies=           -2306.517614 
Sum of electronic and thermal Free Energies=        -2306.588843 
 
Table S 127. Coordinates of singlet trans-(NF3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000012    0.297088    0.000006 
      2          7          0        2.032143    0.230929    0.000031 
      3          7          0       -2.032211    0.230745    0.000027 
      4          9          0        2.686980    1.423434   -0.000063 
      5          9          0        2.586973   -0.404664   -1.056690 
      6          9          0        2.586994   -0.404469    1.056851 
      7          9          0       -2.587054   -0.404511   -1.056858 
      8          9          0       -2.587014   -0.404996    1.056655 
      9          9          0       -2.687098    1.423223    0.000313 
     10          6          0       -0.000020    2.152857   -0.000071 
     11          8          0       -0.000160    3.304305   -0.000112 
     12         35          0        0.000136   -2.186036   -0.000040 
 -------------------------------------------------------------------- 
 
Table S 128. Energies of singlet trans-(NF3)2(CO)IrBr. 
Zero-point correction=                     0.035308(Hartree/Particle) 
Thermal correction to Energy=                    0.048794 
Thermal correction to Enthalpy=                  0.049738 
Thermal correction to Gibbs Free Energy=        -0.008491 
Sum of electronic and zero-point Energies=          -3499.988698 
Sum of electronic and thermal Energies=             -3499.975213 
Sum of electronic and thermal Enthalpies=           -3499.974268 
Sum of electronic and thermal Free Energies=        -3500.032498 
 
Table S 129. Coordinates of singlet 36
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000258    0.000044    0.191656 
      2          7          0       -0.283822   -2.062928    0.096444 
      3          7          0        0.282480    2.063413    0.096102 
      4          9          0       -0.465292   -2.638653    1.310259 
      5          9          0        0.723977   -2.763526   -0.429873 
      6          9          0       -1.344422   -2.473444   -0.600298 
      7          9          0        1.345771    2.474929   -0.596133 
      8          9          0       -0.724004    2.761586   -0.435904 
      9          9          0        0.457083    2.640752    1.310072 
     10          6          0        0.000129    0.000113    2.097574 
     11          8          0       -0.000029    0.000050    3.235158 
     12         35          0        2.525661   -0.305473    0.304583 
     13         35          0       -2.525037    0.305417    0.303763 
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     14         35          0        0.000831   -0.000593   -2.311065 
 -------------------------------------------------------------------- 
 
Table S 130. Energies of singlet 36
S
. 
Zero-point correction=                     0.038334(Hartree/Particle) 
Thermal correction to Energy=                    0.053959 
Thermal correction to Enthalpy=                  0.054903 
Thermal correction to Gibbs Free Energy=        -0.007461 
Sum of electronic and zero-point Energies=          -8648.091227 
Sum of electronic and thermal Energies=             -8648.075602 
Sum of electronic and thermal Enthalpies=           -8648.074658 
Sum of electronic and thermal Free Energies=        -8648.137022 
 
Table S 131. Coordinates of triplet 36
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.000009    0.000050    0.285215 
      2          7          0       -2.623139    0.008494   -0.013666 
      3          7          0        2.623152   -0.008425   -0.013827 
      4          9          0       -3.307594    0.010726    1.159452 
      5          9          0       -3.143612   -1.041141   -0.671542 
      6          9          0       -3.129867    1.067584   -0.667117 
      7          9          0        3.129894   -1.067781   -0.667052 
      8          9          0        3.143551    1.041130   -0.671800 
      9          9          0        3.307702   -0.010052    1.159183 
     10          6          0       -0.000030    0.000335    2.177278 
     11          8          0        0.000147    0.001312    3.318467 
     12         35          0       -0.012602   -2.446404    0.275863 
     13         35          0        0.012718    2.446518    0.274672 
     14         35          0       -0.000145   -0.000714   -2.211980 
 -------------------------------------------------------------------- 
 
Table S 132. Energies of triplet 36
T
. 
Zero-point correction=                     0.035736(Hartree/Particle) 
Thermal correction to Energy=                    0.054833 
Thermal correction to Enthalpy=                  0.055777 
Thermal correction to Gibbs Free Energy=        -0.019295 
Sum of electronic and zero-point Energies=          -8648.069912 
Sum of electronic and thermal Energies=             -8648.050815 
Sum of electronic and thermal Enthalpies=           -8648.049871 
Sum of electronic and thermal Free Energies=        -8648.124943 
 
Table S 133. Coordinates of singlet trans-(P(OMe)3)2(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.053895    0.124271    0.009127 
      2         15          0        2.350622    0.085663   -0.046885 
      3         15          0       -2.245471    0.094678    0.060228 
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      4          8          0        3.002177    1.565285    0.120318 
      5          8          0        3.136883   -0.844975    1.050074 
      6          8          0        3.138945   -0.412248   -1.383973 
      7          8          0       -3.095415   -0.492230   -1.217950 
      8          8          0       -2.961111    1.555770    0.173639 
      9          8          0       -2.822867   -0.751202    1.331375 
     10          6          0        4.410481    1.747639    0.000411 
     11          1          0        4.638579    2.733954    0.423882 
     12          1          0        4.961847    0.973021    0.556705 
     13          1          0        4.713636    1.718224   -1.056854 
     14          6          0        2.619709   -0.914051    2.377056 
     15          1          0        1.657622   -1.450305    2.394922 
     16          1          0        3.359588   -1.463949    2.973301 
     17          1          0        2.489145    0.093457    2.808812 
     18          6          0        2.964660   -1.747798   -1.848568 
     19          1          0        1.908027   -1.953388   -2.083744 
     20          1          0        3.572993   -1.844235   -2.756989 
     21          1          0        3.308569   -2.470856   -1.092047 
     22          6          0       -2.780391   -1.786894   -1.725828 
     23          1          0       -2.940526   -2.563800   -0.959312 
     24          1          0       -3.453251   -1.962014   -2.575361 
     25          1          0       -1.732040   -1.841717   -2.059782 
     26          6          0       -4.082306    1.981456   -0.589638 
     27          1          0       -4.261326    3.028455   -0.312417 
     28          1          0       -3.880749    1.920120   -1.669152 
     29          1          0       -4.982701    1.387423   -0.364422 
     30          6          0       -4.217572   -0.793105    1.590936 
     31          1          0       -4.372928   -1.521196    2.397168 
     32          1          0       -4.585135    0.192838    1.921106 
     33          1          0       -4.785542   -1.116437    0.701652 
     34          6          0        0.043467    1.948454   -0.142487 
     35          8          0        0.027846    3.099754   -0.244463 
     36         17          0        0.088062   -2.265238    0.190949 
 -------------------------------------------------------------------- 
 
Table S 134. Energies of singlet trans-(P(OMe)3)2(CO)IrCl. 
Zero-point correction=                     0.270945(Hartree/Particle) 
Thermal correction to Energy=                    0.296975 
Thermal correction to Enthalpy=                  0.297919 
Thermal correction to Gibbs Free Energy=         0.213196 
Sum of electronic and zero-point Energies=          -2051.226685 
Sum of electronic and thermal Energies=             -2051.200655 
Sum of electronic and thermal Enthalpies=           -2051.199711 
Sum of electronic and thermal Free Energies=        -2051.284434 
 
Table S 135. Coordinates of singlet 37
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.009412   -0.067240    0.092053 
      2         15          0        2.355288    0.057853    0.059612 
      3         15          0       -2.342983   -0.135498   -0.022975 
      4          8          0        2.938007   -1.079181    1.055015 
      5          8          0        3.173792   -0.080723   -1.332569 
      6          8          0        3.076226    1.386622    0.632578 
      7          8          0       -3.202692    1.240119   -0.111237 
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      8          8          0       -3.074177   -0.797449    1.271403 
      9          8          0       -2.861204   -1.067779   -1.226733 
     10          6          0        4.342599   -1.164789    1.300561 
     11          1          0        4.510454   -2.110370    1.829879 
     12          1          0        4.909618   -1.166468    0.356400 
     13          1          0        4.674808   -0.321517    1.923869 
     14          6          0        2.914689   -1.090948   -2.313898 
     15          1          0        1.933919   -0.929080   -2.783177 
     16          1          0        3.714318   -0.993149   -3.059735 
     17          1          0        2.943687   -2.094025   -1.859802 
     18          6          0        3.007842    2.610069   -0.110308 
     19          1          0        1.961522    2.914517   -0.262427 
     20          1          0        3.524512    3.364092    0.495784 
     21          1          0        3.516040    2.495903   -1.079704 
     22          6          0       -2.950874    2.233906   -1.110188 
     23          1          0       -2.987368    1.790098   -2.118343 
     24          1          0       -3.750422    2.978355   -1.002965 
     25          1          0       -1.970114    2.705524   -0.951919 
     26          6          0       -3.212223   -0.031902    2.470111 
     27          1          0       -3.367815   -0.748270    3.286890 
     28          1          0       -2.312519    0.572087    2.678345 
     29          1          0       -4.077527    0.642804    2.391582 
     30          6          0       -4.255818   -1.327956   -1.381024 
     31          1          0       -4.369554   -1.847347   -2.339859 
     32          1          0       -4.619213   -1.968647   -0.563960 
     33          1          0       -4.836685   -0.391791   -1.397062 
     34          6          0        0.029259   -0.924794    1.740989 
     35          8          0        0.035047   -1.460385    2.751374 
     36         17          0        0.140242   -2.229874   -0.940489 
     37         17          0        0.043341    1.003993   -2.069872 
     38         17          0       -0.197690    2.078712    1.182269 
 -------------------------------------------------------------------- 
 
Table S 136. Energies of singlet 37
S
. 
Zero-point correction=                     0.274868(Hartree/Particle) 
Thermal correction to Energy=                    0.304072 
Thermal correction to Enthalpy=                  0.305016 
Thermal correction to Gibbs Free Energy=         0.214954 
Sum of electronic and zero-point Energies=          -2971.669517 
Sum of electronic and thermal Energies=             -2971.640313 
Sum of electronic and thermal Enthalpies=           -2971.639368 
Sum of electronic and thermal Free Energies=        -2971.729431 
 
Table S 137. Coordinates of triplet 37
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.023570   -0.030571   -0.023976 
      2         15          0        2.360571    0.090671   -0.042154 
      3         15          0       -2.332799   -0.136523   -0.069538 
      4          8          0        2.963040   -0.620114    1.280696 
      5          8          0        3.163222   -0.542034   -1.307538 
      6          8          0        3.071207    1.541095    0.019502 
      7          8          0       -3.205563    1.196108   -0.408380 
      8          8          0       -3.059358   -0.564922    1.318898 
      9          8          0       -2.838576   -1.276296   -1.089606 
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     10          6          0        4.370427   -0.597408    1.526888 
     11          1          0        4.558446   -1.318701    2.331040 
     12          1          0        4.933095   -0.893711    0.627240 
     13          1          0        4.688108    0.407695    1.841080 
     14          6          0        2.885082   -1.875553   -1.747217 
     15          1          0        1.841048   -1.977903   -2.080687 
     16          1          0        3.564766   -2.067464   -2.586822 
     17          1          0        3.076833   -2.599622   -0.938719 
     18          6          0        2.759485    2.530722   -0.965175 
     19          1          0        1.693093    2.802514   -0.914318 
     20          1          0        3.369717    3.408679   -0.720479 
     21          1          0        3.019395    2.169649   -1.972705 
     22          6          0       -2.804870    2.118699   -1.424474 
     23          1          0       -2.680054    1.609432   -2.393260 
     24          1          0       -3.612532    2.857980   -1.500303 
     25          1          0       -1.868626    2.623883   -1.139242 
     26          6          0       -3.241287    0.408363    2.352334 
     27          1          0       -3.295836   -0.142729    3.300039 
     28          1          0       -2.404944    1.127588    2.391737 
     29          1          0       -4.177341    0.961803    2.186107 
     30          6          0       -4.218793   -1.638110   -1.139577 
     31          1          0       -4.369288   -2.165733   -2.089300 
     32          1          0       -4.467261   -2.305545   -0.301753 
     33          1          0       -4.867708   -0.748588   -1.107983 
     34          6          0        0.050555   -0.350090    1.895361 
     35          8          0        0.052999   -0.533329    3.017901 
     36         17          0        0.110776   -2.656812    0.246260 
     37         17          0        0.034791    0.365926   -2.323960 
     38         17          0       -0.216847    2.414926    1.074712 
 -------------------------------------------------------------------- 
 
Table S 138. Energies of triplet 37
T
. 
Zero-point correction=                     0.273387(Hartree/Particle) 
Thermal correction to Energy=                    0.303387 
Thermal correction to Enthalpy=                  0.304331 
Thermal correction to Gibbs Free Energy=         0.210411 
Sum of electronic and zero-point Energies=          -2971.589777 
Sum of electronic and thermal Energies=             -2971.559777 
Sum of electronic and thermal Enthalpies=           -2971.558833 
Sum of electronic and thermal Free Energies=        -2971.652752 
 
Table S 139. Coordinates of singlet trans-(P(OMe)3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.000108    0.254195    0.061920 
      2         15          0        2.296993    0.252470    0.072185 
      3         15          0       -2.296845    0.252766    0.072068 
      4          8          0        2.977501    1.725026    0.253222 
      5          8          0        2.918372   -0.635430    1.291099 
      6          8          0        3.147460   -0.238207   -1.245973 
      7          8          0       -3.147542   -0.238283   -1.245834 
      8          8          0       -2.977072    1.725490    0.252501 
      9          8          0       -2.918184   -0.634567    1.291456 
     10          6          0        4.062308    2.229511   -0.513113 
     11          1          0        4.215390    3.264766   -0.181294 
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     12          1          0        4.987308    1.654380   -0.345821 
     13          1          0        3.833946    2.222201   -1.589181 
     14          6          0        4.316079   -0.638449    1.535321 
     15          1          0        4.655312    0.350081    1.886966 
     16          1          0        4.502123   -1.381323    2.321237 
     17          1          0        4.884782   -0.920601    0.632331 
     18          6          0        2.888137   -1.514197   -1.824279 
     19          1          0        1.844807   -1.593384   -2.168620 
     20          1          0        3.571994   -1.614945   -2.677429 
     21          1          0        3.074945   -2.325567   -1.100735 
     22          6          0       -2.889441   -1.515170   -1.822794 
     23          1          0       -3.076315   -2.325555   -1.098172 
     24          1          0       -3.573949   -1.616471   -2.675358 
     25          1          0       -1.846385   -1.595419   -2.167715 
     26          6          0       -4.062296    2.229606   -0.513518 
     27          1          0       -4.215242    3.265004   -0.182091 
     28          1          0       -3.834425    2.221731   -1.589679 
     29          1          0       -4.987202    1.654540   -0.345503 
     30          6          0       -4.315906   -0.637622    1.535606 
     31          1          0       -4.502010   -1.380610    2.321405 
     32          1          0       -4.655133    0.350885    1.887327 
     33          1          0       -4.884590   -0.919664    0.632566 
     34          6          0        0.000212    2.086223   -0.010133 
     35          8          0        0.000181    3.241027   -0.065917 
     36         35          0       -0.000176   -2.270327    0.141175 
 -------------------------------------------------------------------- 
 
Table S 140. Energies of singlet trans-(P(OMe)3)2(CO)IrBr. 
Zero-point correction=                     0.272114(Hartree/Particle) 
Thermal correction to Energy=                    0.297606 
Thermal correction to Enthalpy=                  0.298550 
Thermal correction to Gibbs Free Energy=         0.215232 
Sum of electronic and zero-point Energies=          -4165.056690 
Sum of electronic and thermal Energies=             -4165.031198 
Sum of electronic and thermal Enthalpies=           -4165.030254 
Sum of electronic and thermal Free Energies=        -4165.113572 
 
Table S 141. Coordinates of singlet 38
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.012075    0.017420    0.221438 
      2         15          0       -2.357441   -0.135297    0.143125 
      3         15          0        2.335110    0.196627    0.148042 
      4          8          0       -2.949354    0.478689    1.520897 
      5          8          0       -3.212663    0.533087   -1.064192 
      6          8          0       -3.045738   -1.599758    0.126838 
      7          8          0        3.263841   -0.995735   -0.452131 
      8          8          0        3.039686    0.332375    1.610335 
      9          8          0        2.818280    1.540004   -0.595497 
     10          6          0       -4.350879    0.412690    1.787508 
     11          1          0       -4.540860    1.083186    2.634084 
     12          1          0       -4.935713    0.746270    0.915592 
     13          1          0       -4.642474   -0.615311    2.048529 
     14          6          0       -3.049390    1.883035   -1.505414 
     15          1          0       -2.055383    2.028339   -1.953756 
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     16          1          0       -3.830689    2.048331   -2.258895 
     17          1          0       -3.184304    2.584613   -0.666497 
     18          6          0       -3.013904   -2.386902   -1.068580 
     19          1          0       -1.993640   -2.444813   -1.480016 
     20          1          0       -3.343087   -3.393634   -0.782932 
     21          1          0       -3.699670   -1.962126   -1.817195 
     22          6          0        3.060795   -1.553450   -1.753468 
     23          1          0        2.973648   -0.759664   -2.512411 
     24          1          0        3.944312   -2.172021   -1.959413 
     25          1          0        2.152760   -2.175475   -1.767920 
     26          6          0        3.255659   -0.832103    2.408504 
     27          1          0        3.435485   -0.482377    3.432967 
     28          1          0        2.380665   -1.505134    2.402521 
     29          1          0        4.130546   -1.388936    2.041588 
     30          6          0        4.206674    1.857961   -0.672827 
     31          1          0        4.275097    2.802619   -1.224941 
     32          1          0        4.635271    1.984254    0.332647 
     33          1          0        4.762953    1.075090   -1.212539 
     34          6          0       -0.037745    0.069043    2.083930 
     35          8          0       -0.042547    0.101586    3.226981 
     36         35          0       -0.193153    2.562577    0.280586 
     37         35          0       -0.019916   -0.017078   -2.339158 
     38         35          0        0.253083   -2.532302    0.337047 
 -------------------------------------------------------------------- 
 
Table S 142. Energies of singlet 38
S
. 
Zero-point correction=                     0.273321(Hartree/Particle) 
Thermal correction to Energy=                    0.303468 
Thermal correction to Enthalpy=                  0.304412 
Thermal correction to Gibbs Free Energy=         0.210258 
Sum of electronic and zero-point Energies=          -9313.192873 
Sum of electronic and thermal Energies=             -9313.162726 
Sum of electronic and thermal Enthalpies=           -9313.161782 
Sum of electronic and thermal Free Energies=        -9313.255935 
 
Table S 143. Coordinates of triplet 38
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.036207    0.020605    0.035533 
      2         15          0       -2.371016   -0.079383    0.024033 
      3         15          0        2.313958    0.115408    0.001181 
      4          8          0       -2.951476    0.401789    1.457083 
      5          8          0       -3.209690    0.745025   -1.104276 
      6          8          0       -3.100396   -1.515640   -0.134801 
      7          8          0        3.189548   -1.193151   -0.429015 
      8          8          0        3.040411    0.434697    1.419905 
      9          8          0        2.841009    1.320598   -0.933080 
     10          6          0       -4.346308    0.287203    1.744303 
     11          1          0       -4.545076    0.940391    2.602509 
     12          1          0       -4.956134    0.610780    0.886054 
     13          1          0       -4.597281   -0.753020    1.998509 
     14          6          0       -2.922905    2.121017   -1.364575 
     15          1          0       -1.925471    2.238953   -1.816145 
     16          1          0       -3.690721    2.466161   -2.068714 
     17          1          0       -2.971819    2.718058   -0.439177 
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     18          6          0       -2.897968   -2.302599   -1.308889 
     19          1          0       -1.852804   -2.646146   -1.370861 
     20          1          0       -3.560423   -3.171931   -1.215332 
     21          1          0       -3.164895   -1.729732   -2.211356 
     22          6          0        2.895607   -1.923326   -1.618702 
     23          1          0        2.880258   -1.258643   -2.498499 
     24          1          0        3.698013   -2.663712   -1.732419 
     25          1          0        1.929281   -2.443618   -1.529319 
     26          6          0        3.267120   -0.614044    2.364219 
     27          1          0        3.402413   -0.133542    3.341689 
     28          1          0        2.416338   -1.314800    2.414415 
     29          1          0        4.172062   -1.178465    2.093941 
     30          6          0        4.220169    1.686768   -0.920547 
     31          1          0        4.379727    2.331997   -1.792725 
     32          1          0        4.458327    2.239676   -0.000121 
     33          1          0        4.870255    0.800145   -0.994142 
     34          6          0       -0.057845    0.156073    1.950557 
     35          8          0       -0.059248    0.224871    3.089267 
     36         35          0        0.015585    2.818222    0.646319 
     37         35          0       -0.054564   -0.099843   -2.437586 
     38         35          0        0.146217   -2.689567    0.911798 
 -------------------------------------------------------------------- 
 
Table S 144. Energies of triplet 38
T
. 
Zero-point correction=                     0.272279(Hartree/Particle) 
Thermal correction to Energy=                    0.303082 
Thermal correction to Enthalpy=                  0.304026 
Thermal correction to Gibbs Free Energy=         0.206237 
Sum of electronic and zero-point Energies=          -9313.121944 
Sum of electronic and thermal Energies=             -9313.091142 
Sum of electronic and thermal Enthalpies=           -9313.090197 
Sum of electronic and thermal Free Energies=        -9313.187986 
 
Table S 145. Coordinates of singlet trans-(P(OMe)3)2(CO)Ir(OH). 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.035953    0.024226    0.028980 
      2         15          0        2.343577   -0.006623    0.051096 
      3         15          0       -2.221344   -0.057034   -0.000584 
      4          8          0        3.075910    1.450454    0.036280 
      5          8          0        2.928319   -0.760888    1.379957 
      6          8          0        3.163237   -0.714592   -1.181920 
      7          8          0       -2.817245   -1.595851    0.050647 
      8          8          0       -2.953655    0.588358   -1.321983 
      9          8          0       -2.969288    0.691201    1.254277 
     10          6          0        4.240062    1.763642   -0.714659 
     11          1          0        4.458701    2.821263   -0.516315 
     12          1          0        5.103481    1.150868   -0.407483 
     13          1          0        4.073374    1.621048   -1.792575 
     14          6          0        4.325728   -0.804676    1.612070 
     15          1          0        4.734275    0.210212    1.755319 
     16          1          0        4.484729   -1.385063    2.529875 
     17          1          0        4.860504   -1.294649    0.779743 
     18          6          0        2.862330   -2.083570   -1.482448 
     19          1          0        1.818983   -2.329204   -1.220377 
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     20          1          0        3.034656   -2.223514   -2.558201 
     21          1          0        3.542670   -2.743549   -0.918151 
     22          6          0       -3.936837   -1.992005    0.825963 
     23          1          0       -4.885874   -1.754539    0.312970 
     24          1          0       -3.873928   -3.081142    0.952147 
     25          1          0       -3.930440   -1.515554    1.818353 
     26          6          0       -4.142573    0.064770   -1.888893 
     27          1          0       -4.310178    0.603299   -2.831026 
     28          1          0       -4.044945   -1.011251   -2.102901 
     29          1          0       -5.016384    0.224793   -1.232089 
     30          6          0       -4.163745    1.447754    1.154380 
     31          1          0       -4.213409    2.085204    2.047209 
     32          1          0       -4.162180    2.090254    0.260034 
     33          1          0       -5.056654    0.796626    1.138003 
     34          6          0       -0.011456    1.864308   -0.022373 
     35          8          0       -0.057868    3.023764   -0.055384 
     36          8          0        0.184247   -1.976190    0.089604 
     37          1          0       -0.689551   -2.387039    0.080278 
 -------------------------------------------------------------------- 
 
Table S 146. Energies of singlet trans-(P(OMe)3)2(CO)Ir(OH). 
Zero-point correction=                     0.283278(Hartree/Particle) 
Thermal correction to Energy=                    0.308383 
Thermal correction to Enthalpy=                  0.309327 
Thermal correction to Gibbs Free Energy=         0.226816 
Sum of electronic and zero-point Energies=          -1666.756745 
Sum of electronic and thermal Energies=             -1666.731640 
Sum of electronic and thermal Enthalpies=           -1666.730696 
Sum of electronic and thermal Free Energies=        -1666.813207 
 
Table S 147. Coordinates of singlet 39
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.001236   -0.092904    0.075727 
      2         15          0        2.332153   -0.172752    0.001983 
      3         15          0       -2.322677   -0.002982   -0.051698 
      4          8          0        3.068422    1.288395    0.038929 
      5          8          0        3.158593   -0.921133    1.172791 
      6          8          0        2.890266   -0.902887   -1.326035 
      7          8          0       -3.117552   -0.676650   -1.298623 
      8          8          0       -2.955360    1.489369   -0.110852 
      9          8          0       -3.022738   -0.587309    1.295017 
     10          6          0        2.712178    2.241668   -0.974719 
     11          1          0        2.568431    3.215036   -0.483877 
     12          1          0        3.541492    2.319393   -1.696253 
     13          1          0        1.786972    1.943905   -1.502444 
     14          6          0        2.924340   -0.495885    2.525404 
     15          1          0        1.854572   -0.607197    2.764633 
     16          1          0        3.526888   -1.154423    3.163350 
     17          1          0        3.263077    0.544952    2.656359 
     18          6          0        4.296800   -1.067907   -1.489937 
     19          1          0        4.676005   -1.843248   -0.807582 
     20          1          0        4.458128   -1.376746   -2.530039 
     21          1          0        4.835161   -0.124981   -1.297795 
     22          6          0       -2.945780   -2.080521   -1.561814 
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     23          1          0       -3.492684   -2.669254   -0.805059 
     24          1          0       -3.388592   -2.265069   -2.548826 
     25          1          0       -1.874690   -2.339038   -1.550240 
     26          6          0       -2.665714    2.295320   -1.266026 
     27          1          0       -2.668069    3.341752   -0.933344 
     28          1          0       -1.685677    2.028426   -1.698637 
     29          1          0       -3.453866    2.143465   -2.019605 
     30          6          0       -4.430584   -0.443047    1.484128 
     31          1          0       -4.710318   -1.104916    2.313085 
     32          1          0       -4.677258    0.598949    1.736829 
     33          1          0       -4.984468   -0.734003    0.577027 
     34          6          0        0.025159    1.574289    0.894710 
     35          8          0        0.055553    2.609376    1.401358 
     36          8          0        0.015027   -1.198155    1.799050 
     37          1          0       -0.853206   -1.127603    2.216944 
     38          8          0        0.030182   -1.881239   -0.860431 
     39          1          0        0.144676   -2.521030   -0.140774 
     40          8          0        0.044815    0.710500   -1.834838 
     41          1          0        0.250384   -0.064393   -2.380404 
 -------------------------------------------------------------------- 
 
Table S 148. Energies of singlet 39
S
. 
Zero-point correction=                     0.312072(Hartree/Particle) 
Thermal correction to Energy=                    0.341292 
Thermal correction to Enthalpy=                  0.342236 
Thermal correction to Gibbs Free Energy=         0.253002 
Sum of electronic and zero-point Energies=          -1818.323363 
Sum of electronic and thermal Energies=             -1818.294144 
Sum of electronic and thermal Enthalpies=           -1818.293199 
Sum of electronic and thermal Free Energies=        -1818.382433 
 
Table S 149. Coordinates of triplet 39
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.238787    0.334849    0.126688 
      2         15          0        3.316242   -0.406747   -0.933698 
      3         15          0       -2.696771   -0.266837   -0.180211 
      4          8          0        2.834135    0.698481    0.257287 
      5          8          0        3.039199   -1.767435   -0.029280 
      6          8          0        4.964028   -0.197034   -0.879915 
      7          8          0       -3.110187   -1.813814   -0.520048 
      8          8          0       -3.627711    0.508115   -1.273743 
      9          8          0       -3.479186    0.097094    1.200439 
     10          6          0        2.932625    2.061763   -0.120794 
     11          1          0        2.402984    2.657508    0.637098 
     12          1          0        3.986371    2.391060   -0.161800 
     13          1          0        2.455693    2.244866   -1.101013 
     14          6          0        2.988036   -1.859289    1.393890 
     15          1          0        1.952427   -1.706631    1.740673 
     16          1          0        3.322849   -2.872384    1.662467 
     17          1          0        3.638340   -1.123287    1.888444 
     18          6          0        5.727613   -0.229855    0.308358 
     19          1          0        5.790287   -1.253196    0.718261 
     20          1          0        6.745170    0.104558    0.059426 
     21          1          0        5.314018    0.442258    1.081267 
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     22          6          0       -2.376660   -2.856524    0.140262 
     23          1          0       -2.553658   -2.822850    1.228613 
     24          1          0       -2.759021   -3.803501   -0.261492 
     25          1          0       -1.301384   -2.751536   -0.072299 
     26          6          0       -3.168880    0.507822   -2.628262 
     27          1          0       -3.814576    1.200831   -3.181490 
     28          1          0       -2.123541    0.856868   -2.682305 
     29          1          0       -3.254478   -0.500351   -3.065114 
     30          6          0       -4.890499   -0.103911    1.291628 
     31          1          0       -5.159523    0.010068    2.348992 
     32          1          0       -5.424136    0.645475    0.688082 
     33          1          0       -5.168733   -1.112730    0.947044 
     34          6          0       -0.541134    1.949731    1.005051 
     35          8          0       -0.686331    2.948408    1.561609 
     36          8          0       -0.158751   -0.781787    1.737322 
     37          1          0       -0.306887   -0.299199    2.562499 
     38          8          0        0.222598   -1.309860   -0.919945 
     39          1          0        0.963475   -1.784306   -0.510952 
     40          8          0        0.008246    1.186761   -1.605109 
     41          1          0        0.313910    0.426999   -2.142473 
 -------------------------------------------------------------------- 
 
Table S 150. Energies of triplet 39
T
. 
Zero-point correction=                     0.310803(Hartree/Particle) 
Thermal correction to Energy=                    0.340571 
Thermal correction to Enthalpy=                  0.341515 
Thermal correction to Gibbs Free Energy=         0.246786 
Sum of electronic and zero-point Energies=          -1818.254673 
Sum of electronic and thermal Energies=             -1818.224905 
Sum of electronic and thermal Enthalpies=           -1818.223960 
Sum of electronic and thermal Free Energies=        -1818.318690 
 
Table S 151. Coordinates of singlet trans-(P(OPh)3)2(CO)IrCl. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.146892   -0.292099    0.126105 
      2         15          0        2.433974   -0.193827    0.283886 
      3         15          0       -2.141133   -0.247523   -0.041628 
      4          8          0        3.022272   -0.873360    1.653019 
      5          8          0        3.318040   -0.876984   -0.927506 
      6          8          0        3.208531    1.243407    0.368955 
      7          8          0       -2.914599    1.151107    0.365792 
      8          8          0       -2.971269   -1.286773    0.918699 
      9          8          0       -2.736318   -0.606696   -1.525000 
     10          6          0        0.000396   -1.056364    1.783094 
     11          8          0       -0.105434   -1.547813    2.826216 
     12         17          0        0.400373    0.632423   -2.052130 
     13          6          0        4.379418   -0.852926    1.971270 
     14          6          0        5.215869   -1.851690    1.487856 
     15          6          0        4.852209    0.142149    2.817591 
     16          6          0        6.555222   -1.849635    1.866830 
     17          1          0        4.816241   -2.623681    0.826782 
     18          6          0        6.191663    0.131195    3.190644 
     19          1          0        4.161720    0.910389    3.169391 
     20          6          0        7.045635   -0.861762    2.715935 
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     21          1          0        7.220020   -2.631209    1.492548 
     22          1          0        6.571282    0.908517    3.857485 
     23          1          0        8.097133   -0.866307    3.010638 
     24          6          0        2.867114   -2.014827   -1.581267 
     25          6          0        2.846552   -1.983428   -2.969829 
     26          6          0        2.488821   -3.154259   -0.877225 
     27          6          0        2.452696   -3.119428   -3.666036 
     28          1          0        3.121944   -1.057197   -3.477797 
     29          6          0        2.086175   -4.282961   -1.588243 
     30          1          0        2.504280   -3.159151    0.216203 
     31          6          0        2.071392   -4.270748   -2.978805 
     32          1          0        2.432138   -3.100704   -4.757716 
     33          1          0        1.784657   -5.179389   -1.041970 
     34          1          0        1.758665   -5.159366   -3.531180 
     35          6          0        3.113648    2.192069   -0.647739 
     36          6          0        2.182349    3.213671   -0.529309 
     37          6          0        3.984920    2.114859   -1.726882 
     38          6          0        2.124769    4.182744   -1.525114 
     39          1          0        1.500887    3.226674    0.325882 
     40          6          0        3.910047    3.086936   -2.719048 
     41          1          0        4.700254    1.292069   -1.773616 
     42          6          0        2.981433    4.120015   -2.620851 
     43          1          0        1.395366    4.991959   -1.443263 
     44          1          0        4.585896    3.036365   -3.575673 
     45          1          0        2.926428    4.881647   -3.401608 
     46          6          0       -2.268016    2.377427    0.293388 
     47          6          0       -1.937091    3.015003    1.482851 
     48          6          0       -2.016641    2.964248   -0.940812 
     49          6          0       -1.357595    4.279038    1.432204 
     50          1          0       -2.147955    2.514144    2.430491 
     51          6          0       -1.434916    4.227478   -0.978394 
     52          1          0       -2.258428    2.422676   -1.858218 
     53          6          0       -1.110539    4.888771    0.203600 
     54          1          0       -1.100528    4.792556    2.361353 
     55          1          0       -1.234083    4.694424   -1.945375 
     56          1          0       -0.661205    5.884358    0.168412 
     57          6          0       -4.090793   -0.809402   -1.749733 
     58          6          0       -4.549215   -2.116966   -1.866920 
     59          6          0       -4.950335    0.274028   -1.895918 
     60          6          0       -5.894266   -2.341765   -2.141790 
     61          1          0       -3.839392   -2.936704   -1.740999 
     62          6          0       -6.294413    0.035599   -2.168351 
     63          1          0       -4.563408    1.289385   -1.794186 
     64          6          0       -6.769660   -1.267658   -2.290441 
     65          1          0       -6.260830   -3.366160   -2.238709 
     66          1          0       -6.976196    0.880538   -2.286759 
     67          1          0       -7.824973   -1.447117   -2.506802 
     68          6          0       -3.882405   -0.934750    1.908926 
     69          6          0       -5.241425   -1.033299    1.640283 
     70          6          0       -3.414374   -0.550505    3.159855 
     71          6          0       -6.149104   -0.741606    2.654316 
     72          1          0       -5.571110   -1.343121    0.645661 
     73          6          0       -4.333614   -0.255007    4.161875 
     74          1          0       -2.338032   -0.506286    3.340727 
     75          6          0       -5.700435   -0.349060    3.912699 
     76          1          0       -7.220042   -0.819907    2.454167 
     77          1          0       -3.974652    0.045330    5.148880 
     78          1          0       -6.418432   -0.120287    4.703047 
 -------------------------------------------------------------------- 
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Table S 152. Energies of singlet trans-(P(OPh)3)2(CO)IrCl. 
Zero-point correction=                     0.584438(Hartree/Particle) 
Thermal correction to Energy=                    0.628498 
Thermal correction to Enthalpy=                  0.629442 
Thermal correction to Gibbs Free Energy=         0.501792 
Sum of electronic and zero-point Energies=          -3200.558945 
Sum of electronic and thermal Energies=             -3200.514885 
Sum of electronic and thermal Enthalpies=           -3200.513941 
Sum of electronic and thermal Free Energies=        -3200.641591 
 
Table S 153. Coordinates of singlet 40
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.123701   -0.372873    0.216054 
      2         15          0        2.194157   -0.288769   -0.072988 
      3         15          0       -2.451021    0.039038    0.346157 
      4          8          0        2.886769   -1.699123    0.382422 
      5          8          0        2.840814    0.095164   -1.513368 
      6          8          0        3.006061    0.748208    0.862763 
      7          8          0       -2.985111    1.188643    1.382890 
      8          8          0       -3.459303   -1.167331    0.772177 
      9          8          0       -3.059453    0.459033   -1.091965 
     10          6          0       -0.029593   -2.067198    1.001353 
     11          8          0        0.129798   -3.099267    1.463966 
     12         17          0       -0.615545   -1.461907   -1.870589 
     13         17          0       -0.064946    1.793691   -0.834062 
     14         17          0        0.220992    0.553820    2.419095 
     15          6          0       -4.346825    0.183462   -1.541152 
     16          6          0       -5.467545    0.656906   -0.868554 
     17          6          0       -4.448554   -0.530564   -2.727023 
     18          6          0       -6.724345    0.404993   -1.411571 
     19          1          0       -5.351868    1.210206    0.066218 
     20          6          0       -5.711702   -0.770034   -3.257949 
     21          1          0       -3.531867   -0.876199   -3.208970 
     22          6          0       -6.849756   -0.304347   -2.603022 
     23          1          0       -7.614083    0.770794   -0.894386 
     24          1          0       -5.805962   -1.327298   -4.192638 
     25          1          0       -7.839521   -0.493743   -3.023950 
     26          6          0       -3.107795   -2.155225    1.680693 
     27          6          0       -3.219485   -3.472970    1.253360 
     28          6          0       -2.700947   -1.831960    2.970435 
     29          6          0       -2.906846   -4.493982    2.143069 
     30          1          0       -3.541801   -3.670699    0.229358 
     31          6          0       -2.377908   -2.866681    3.844155 
     32          1          0       -2.633250   -0.784619    3.274487 
     33          6          0       -2.480076   -4.193154    3.434901 
     34          1          0       -2.986630   -5.533976    1.819971 
     35          1          0       -2.044627   -2.627492    4.856092 
     36          1          0       -2.226194   -4.998312    4.127263 
     37          6          0       -2.622522    2.539691    1.324614 
     38          6          0       -2.002575    3.079367    2.442324 
     39          6          0       -2.926551    3.316536    0.213317 
     40          6          0       -1.656271    4.426253    2.437366 
     41          1          0       -1.785715    2.429289    3.290103 
     42          6          0       -2.570912    4.661477    0.221119 
     43          1          0       -3.404008    2.870249   -0.660558 
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     44          6          0       -1.932471    5.218288    1.325339 
     45          1          0       -1.162931    4.857677    3.311326 
     46          1          0       -2.793825    5.276938   -0.652988 
     47          1          0       -1.655048    6.274676    1.321910 
     48          6          0        3.309334    2.078463    0.562324 
     49          6          0        2.460800    3.085800    1.000300 
     50          6          0        4.495989    2.347922   -0.105847 
     51          6          0        2.816715    4.406013    0.742638 
     52          1          0        1.536868    2.822978    1.519681 
     53          6          0        4.838199    3.673887   -0.352243 
     54          1          0        5.133509    1.518438   -0.420091 
     55          6          0        3.998576    4.702693    0.067590 
     56          1          0        2.154283    5.209805    1.071587 
     57          1          0        5.767911    3.901927   -0.878402 
     58          1          0        4.268090    5.742415   -0.131333 
     59          6          0        4.257157   -1.774884    0.650411 
     60          6          0        5.157664   -1.995033   -0.383474 
     61          6          0        4.675623   -1.654910    1.969391 
     62          6          0        6.513200   -2.101906   -0.080141 
     63          1          0        4.802729   -2.084423   -1.411891 
     64          6          0        6.030846   -1.766734    2.258002 
     65          1          0        3.931303   -1.467440    2.746008 
     66          6          0        6.951354   -1.988041    1.235561 
     67          1          0        7.230874   -2.276171   -0.884671 
     68          1          0        6.370346   -1.673623    3.291766 
     69          1          0        8.015321   -2.072271    1.466303 
     70          6          0        2.410465   -0.367721   -2.756679 
     71          6          0        1.943258    0.574338   -3.661146 
     72          6          0        2.514087   -1.713419   -3.082472 
     73          6          0        1.571035    0.150303   -4.931586 
     74          1          0        1.861673    1.616049   -3.345710 
     75          6          0        2.137285   -2.122710   -4.357555 
     76          1          0        2.851444   -2.435803   -2.335125 
     77          6          0        1.667530   -1.194572   -5.282035 
     78          1          0        1.193656    0.878994   -5.652204 
     79          1          0        2.203221   -3.179739   -4.623520 
     80          1          0        1.370317   -1.521450   -6.280846 
 -------------------------------------------------------------------- 
 
Table S 154. Energies of singlet 40
S
. 
Zero-point correction=                     0.587763(Hartree/Particle) 
Thermal correction to Energy=                    0.635069 
Thermal correction to Enthalpy=                  0.636013 
Thermal correction to Gibbs Free Energy=         0.502122 
Sum of electronic and zero-point Energies=          -4120.989028 
Sum of electronic and thermal Energies=             -4120.941722 
Sum of electronic and thermal Enthalpies=           -4120.940778 
Sum of electronic and thermal Free Energies=        -4121.074669 
 
Table S 155. Coordinates of triplet 40
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.017079   -0.172666   -0.125039 
      2         15          0       -2.295802   -0.199117    0.207172 
      3         15          0        2.356503    0.148994   -0.388759 
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      4          8          0       -2.989080   -1.441604   -0.579315 
      5          8          0       -2.878303   -0.237072    1.733509 
      6          8          0       -3.172002    1.036084   -0.375053 
      7          8          0        2.881963    1.372939   -1.354644 
      8          8          0        3.293220   -1.038323   -0.980422 
      9          8          0        3.074070    0.430348    1.039644 
     10          6          0       -0.157112   -1.809922   -1.184110 
     11          8          0       -0.382392   -2.767473   -1.753953 
     12         17          0        0.956816   -2.147756    1.407341 
     13         17          0        0.037293    1.698312    1.257379 
     14         17          0       -0.570457    0.579395   -2.640387 
     15          6          0        4.344671   -0.029752    1.377595 
     16          6          0        5.474276    0.491076    0.758928 
     17          6          0        4.428438   -0.989299    2.377141 
     18          6          0        6.726194    0.045113    1.172760 
     19          1          0        5.362193    1.224395   -0.043478 
     20          6          0        5.687459   -1.421722    2.781518 
     21          1          0        3.503868   -1.379266    2.808678 
     22          6          0        6.835473   -0.905907    2.184181 
     23          1          0        7.623723    0.445387    0.696025 
     24          1          0        5.771072   -2.173818    3.569245 
     25          1          0        7.820949   -1.249792    2.505777 
     26          6          0        2.874308   -1.933140   -1.954947 
     27          6          0        2.954445   -3.285614   -1.645047 
     28          6          0        2.449479   -1.484706   -3.199996 
     29          6          0        2.592010   -4.213373   -2.614369 
     30          1          0        3.286310   -3.577023   -0.646735 
     31          6          0        2.071781   -2.427378   -4.152513 
     32          1          0        2.409336   -0.413698   -3.410677 
     33          6          0        2.145036   -3.786809   -3.864043 
     34          1          0        2.646119   -5.279980   -2.386534 
     35          1          0        1.718037   -2.088852   -5.128542 
     36          1          0        1.850185   -4.520474   -4.617106 
     37          6          0        2.446560    2.690265   -1.196679 
     38          6          0        1.579134    3.217853   -2.144657 
     39          6          0        2.929017    3.458668   -0.142405 
     40          6          0        1.182132    4.546005   -2.025148 
     41          1          0        1.207129    2.572654   -2.943282 
     42          6          0        2.518462    4.783578   -0.033629 
     43          1          0        3.609664    3.020148    0.589983 
     44          6          0        1.646069    5.329699   -0.970966 
     45          1          0        0.499566    4.969097   -2.766955 
     46          1          0        2.887199    5.393302    0.793882 
     47          1          0        1.329772    6.371586   -0.881623 
     48          6          0       -3.033666    2.347410    0.089366 
     49          6          0       -2.279980    3.236951   -0.662663 
     50          6          0       -3.674934    2.726705    1.261346 
     51          6          0       -2.150200    4.545473   -0.209579 
     52          1          0       -1.789490    2.877694   -1.570348 
     53          6          0       -3.535565    4.039967    1.699750 
     54          1          0       -4.264481    1.993581    1.813976 
     55          6          0       -2.770781    4.947319    0.970264 
     56          1          0       -1.545199    5.252543   -0.781415 
     57          1          0       -4.030698    4.354959    2.621042 
     58          1          0       -2.661323    5.975256    1.322724 
     59          6          0       -4.355431   -1.479397   -0.874996 
     60          6          0       -5.255846   -1.946246    0.072364 
     61          6          0       -4.757982   -1.088704   -2.144728 
     62          6          0       -6.602445   -2.030297   -0.272959 
     63          1          0       -4.903696   -2.243551    1.062297 
     64          6          0       -6.105036   -1.180881   -2.475564 
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     65          1          0       -4.007855   -0.714098   -2.844775 
     66          6          0       -7.027593   -1.650665   -1.542582 
     67          1          0       -7.323077   -2.398814    0.460303 
     68          1          0       -6.436800   -0.878057   -3.471044 
     69          1          0       -8.084792   -1.720122   -1.806987 
     70          6          0       -2.272054   -0.992026    2.740396 
     71          6          0       -1.702177   -0.307003    3.804615 
     72          6          0       -2.299473   -2.379292    2.689650 
     73          6          0       -1.149571   -1.037855    4.849958 
     74          1          0       -1.692965    0.784842    3.788295 
     75          6          0       -1.739699   -3.097114    3.742191 
     76          1          0       -2.740279   -2.888784    1.828738 
     77          6          0       -1.169480   -2.430659    4.821768 
     78          1          0       -0.693133   -0.512483    5.691511 
     79          1          0       -1.744684   -4.188295    3.710278 
     80          1          0       -0.729690   -2.999487    5.643509 
 -------------------------------------------------------------------- 
 
Table S 156. Energies of triplet 40
T
. 
Zero-point correction=                     0.586857(Hartree/Particle) 
Thermal correction to Energy=                    0.634658 
Thermal correction to Enthalpy=                  0.635602 
Thermal correction to Gibbs Free Energy=         0.501613 
Sum of electronic and zero-point Energies=          -4120.917573 
Sum of electronic and thermal Energies=             -4120.869772 
Sum of electronic and thermal Enthalpies=           -4120.868828 
Sum of electronic and thermal Free Energies=        -4121.002816 
 
Table S 157. Coordinates of singlet trans-(P(OPh)3)2(CO)IrBr. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.041521   -0.558668   -0.453920 
      2         15          0       -2.328613   -0.589809   -0.554907 
      3         15          0        2.250738   -0.521569   -0.289673 
      4          8          0       -3.052660    0.195246   -1.817500 
      5          8          0       -2.978977   -2.069820   -0.751971 
      6          8          0       -3.184280   -0.025706    0.725870 
      7          8          0        2.998272    0.686643    0.538241 
      8          8          0        3.062015   -0.349397   -1.707658 
      9          8          0        2.917062   -1.887918    0.318748 
     10          6          0        0.074642    0.360658   -2.031256 
     11          8          0        0.137275    0.933046   -3.037699 
     12         35          0       -0.324452   -1.926053    1.638618 
     13          6          0        3.921036    0.696281   -2.030381 
     14          6          0        5.292228    0.478610   -1.985990 
     15          6          0        3.392419    1.915451   -2.439319 
     16          6          0        6.149026    1.509063   -2.361445 
     17          1          0        5.672691   -0.493771   -1.663535 
     18          6          0        4.261364    2.938560   -2.805625 
     19          1          0        2.308665    2.046830   -2.480088 
     20          6          0        5.639233    2.739805   -2.766624 
     21          1          0        7.228608    1.345700   -2.332307 
     22          1          0        3.854120    3.898505   -3.131345 
     23          1          0        6.317224    3.544947   -3.057582 
     24          6          0        2.483599    1.363290    1.631546 
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     25          6          0        1.957675    0.691900    2.730314 
     26          6          0        2.596259    2.748996    1.610889 
     27          6          0        1.538188    1.435811    3.829489 
     28          1          0        1.866334   -0.397634    2.725051 
     29          6          0        2.193414    3.475961    2.726229 
     30          1          0        3.021427    3.229684    0.726864 
     31          6          0        1.665621    2.821707    3.837061 
     32          1          0        1.110944    0.916626    4.690261 
     33          1          0        2.293741    4.563828    2.725010 
     34          1          0        1.349516    3.395929    4.711255 
     35          6          0        4.292601   -2.076373    0.338695 
     36          6          0        4.856782   -2.909574   -0.620451 
     37          6          0        5.067429   -1.472929    1.323235 
     38          6          0        6.227980   -3.143662   -0.590483 
     39          1          0        4.208931   -3.359828   -1.374903 
     40          6          0        6.438811   -1.710155    1.337902 
     41          1          0        4.591655   -0.824910    2.062218 
     42          6          0        7.021243   -2.541674    0.384238 
     43          1          0        6.679095   -3.801245   -1.336937 
     44          1          0        7.056833   -1.239576    2.105549 
     45          1          0        8.097454   -2.726125    0.404087 
     46          6          0       -4.358971   -2.250194   -0.726747 
     47          6          0       -5.078835   -2.184115   -1.913117 
     48          6          0       -4.975177   -2.534769    0.486067 
     49          6          0       -6.453237   -2.402273   -1.877073 
     50          1          0       -4.555245   -1.966701   -2.845401 
     51          6          0       -6.349152   -2.750152    0.507780 
     52          1          0       -4.361173   -2.582479    1.388332 
     53          6          0       -7.090150   -2.680375   -0.670286 
     54          1          0       -7.030340   -2.355114   -2.803250 
     55          1          0       -6.844939   -2.974657    1.454897 
     56          1          0       -8.168799   -2.849710   -0.647849 
     57          6          0       -3.589584    1.469413   -1.716633 
     58          6          0       -4.814783    1.659546   -1.084130 
     59          6          0       -2.895125    2.529436   -2.289203 
     60          6          0       -5.335430    2.946655   -1.004172 
     61          1          0       -5.335611    0.800516   -0.654647 
     62          6          0       -3.432248    3.811326   -2.205385 
     63          1          0       -1.947212    2.333846   -2.795100 
     64          6          0       -4.646031    4.023527   -1.557681 
     65          1          0       -6.291915    3.108290   -0.502038 
     66          1          0       -2.894029    4.650285   -2.652128 
     67          1          0       -5.060680    5.031459   -1.488214 
     68          6          0       -2.689664    0.806376    1.717923 
     69          6          0       -2.025800    1.991962    1.420958 
     70          6          0       -2.946802    0.430322    3.030149 
     71          6          0       -1.618645    2.813375    2.468395 
     72          1          0       -1.844310    2.279256    0.382204 
     73          6          0       -2.542622    1.264613    4.065980 
     74          1          0       -3.454789   -0.518209    3.215342 
     75          6          0       -1.881518    2.458638    3.788021 
     76          1          0       -1.099076    3.747214    2.242166 
     77          1          0       -2.745525    0.976146    5.099833 
     78          1          0       -1.566859    3.113870    4.603676 
 -------------------------------------------------------------------- 
 
Table S 158. Energies of singlet trans-(P(OPh)3)2(CO)IrBr. 
Zero-point correction=                     0.583995(Hartree/Particle) 
Thermal correction to Energy=                    0.628163 
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Thermal correction to Enthalpy=                  0.629107 
Thermal correction to Gibbs Free Energy=         0.501728 
Sum of electronic and zero-point Energies=          -5314.397175 
Sum of electronic and thermal Energies=             -5314.353007 
Sum of electronic and thermal Enthalpies=           -5314.352063 
Sum of electronic and thermal Free Energies=        -5314.479442 
 
Table S 159. Coordinates of singlet 41
S
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0       -0.014743   -0.098642    0.204171 
      2         15          0        2.296228   -0.026144   -0.153210 
      3         15          0       -2.382832   -0.143548    0.264782 
      4          8          0        2.992274   -1.075133    0.879715 
      5          8          0        2.937557   -0.349296   -1.620103 
      6          8          0        3.144751    1.306770    0.196044 
      7          8          0       -3.253568    1.126401    0.830071 
      8          8          0       -3.082698   -1.305014    1.169844 
      9          8          0       -3.017422   -0.481352   -1.185091 
     10          6          0        0.303411   -0.919367    1.860855 
     11          8          0        0.624369   -1.390950    2.851408 
     12         35          0       -0.205875   -2.432811   -0.836599 
     13         35          0       -0.211826    1.070993   -2.059187 
     14         35          0        0.039210    2.132293    1.439940 
     15          6          0       -4.256433   -1.100802   -1.349196 
     16          6          0       -5.432710   -0.386508   -1.165519 
     17          6          0       -4.254989   -2.430523   -1.746837 
     18          6          0       -6.644339   -1.032414   -1.397658 
     19          1          0       -5.394753    0.657771   -0.847536 
     20          6          0       -5.473364   -3.059886   -1.978094 
     21          1          0       -3.295865   -2.940603   -1.865368 
     22          6          0       -6.667770   -2.363760   -1.803333 
     23          1          0       -7.579210   -0.484886   -1.259163 
     24          1          0       -5.488805   -4.105225   -2.294323 
     25          1          0       -7.622579   -2.862088   -1.984520 
     26          6          0       -2.673419   -1.603942    2.459828 
     27          6          0       -2.378644   -2.935927    2.729277 
     28          6          0       -2.603576   -0.623978    3.446135 
     29          6          0       -1.993985   -3.291738    4.016227 
     30          1          0       -2.446790   -3.662235    1.917325 
     31          6          0       -2.207546   -0.997057    4.727674 
     32          1          0       -2.850680    0.412473    3.205080 
     33          6          0       -1.902024   -2.324124    5.014678 
     34          1          0       -1.756002   -4.334247    4.238225 
     35          1          0       -2.137791   -0.236712    5.508365 
     36          1          0       -1.592648   -2.607169    6.022953 
     37          6          0       -3.209783    2.443554    0.378484 
     38          6          0       -3.291922    3.427755    1.356439 
     39          6          0       -3.151717    2.762663   -0.971706 
     40          6          0       -3.294105    4.762297    0.974233 
     41          1          0       -3.328796    3.128791    2.405977 
     42          6          0       -3.142186    4.106465   -1.338299 
     43          1          0       -3.087635    1.977030   -1.726725 
     44          6          0       -3.212596    5.105534   -0.374248 
     45          1          0       -3.350351    5.541124    1.737767 
     46          1          0       -3.078133    4.366933   -2.396800 
     47          1          0       -3.204173    6.156094   -0.671945 
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     48          6          0        3.045631    2.586322   -0.351367 
     49          6          0        3.115998    3.636573    0.554548 
     50          6          0        2.961050    2.805800   -1.719101 
     51          6          0        3.088542    4.940763    0.078575 
     52          1          0        3.178145    3.409152    1.619838 
     53          6          0        2.923357    4.120028   -2.179296 
     54          1          0        2.925018    1.966908   -2.414392 
     55          6          0        2.986400    5.186599   -1.289240 
     56          1          0        3.139180    5.772086    0.784986 
     57          1          0        2.848300    4.304247   -3.253113 
     58          1          0        2.958125    6.212971   -1.661092 
     59          6          0        4.324448   -1.102964    1.284891 
     60          6          0        5.386340   -0.885652    0.412893 
     61          6          0        4.533640   -1.420872    2.621286 
     62          6          0        6.684083   -0.989383    0.907121 
     63          1          0        5.205528   -0.634135   -0.633386 
     64          6          0        5.835962   -1.525242    3.096346 
     65          1          0        3.665697   -1.582768    3.263641 
     66          6          0        6.914212   -1.308764    2.241760 
     67          1          0        7.524456   -0.817286    0.231265 
     68          1          0        6.007127   -1.774866    4.145749 
     69          1          0        7.936381   -1.389326    2.617099 
     70          6          0        2.739077   -1.509851   -2.373735 
     71          6          0        2.057632   -1.392297   -3.576558 
     72          6          0        3.285003   -2.715236   -1.950560 
     73          6          0        1.907279   -2.523178   -4.370927 
     74          1          0        1.626547   -0.427164   -3.849449 
     75          6          0        3.118407   -3.839276   -2.753339 
     76          1          0        3.822734   -2.774908   -1.001894 
     77          6          0        2.430054   -3.746978   -3.959732 
     78          1          0        1.364144   -2.447641   -5.315328 
     79          1          0        3.532993   -4.796034   -2.428645 
     80          1          0        2.302663   -4.633260   -4.584857 
 -------------------------------------------------------------------- 
 
Table S 160. Energies of singlet 41
S
. 
Zero-point correction=                     0.586359(Hartree/Particle) 
Thermal correction to Energy=                    0.634480 
Thermal correction to Enthalpy=                  0.635424 
Thermal correction to Gibbs Free Energy=         0.499073 
Sum of electronic and zero-point Energies=         -10462.512961 
Sum of electronic and thermal Energies=            -10462.464841 
Sum of electronic and thermal Enthalpies=          -10462.463897 
Sum of electronic and thermal Free Energies=       -10462.600248 
 
Table S 161. Coordinates of triplet 41
T
. 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 -------------------------------------------------------------------- 
      1         77          0        0.016140   -0.199872   -0.097492 
      2         15          0       -2.287208   -0.248488    0.282425 
      3         15          0        2.324109    0.187481   -0.438867 
      4          8          0       -2.995370   -1.449821   -0.553938 
      5          8          0       -2.854076   -0.371218    1.815118 
      6          8          0       -3.190792    1.008435   -0.211389 
      7          8          0        2.739749    1.492406   -1.356061 
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      8          8          0        3.280405   -0.912292   -1.155983 
      9          8          0        3.127390    0.413804    0.956581 
     10          6          0       -0.161281   -1.777402   -1.195669 
     11          8          0       -0.378554   -2.720011   -1.798721 
     12         35          0        1.086199   -2.378283    1.455574 
     13         35          0        0.074457    1.681326    1.496353 
     14         35          0       -0.760534    0.663236   -2.746683 
     15          6          0        4.467324    0.086557    1.152783 
     16          6          0        5.479944    0.746105    0.465492 
     17          6          0        4.741356   -0.889905    2.100524 
     18          6          0        6.802204    0.418086    0.750994 
     19          1          0        5.234291    1.498235   -0.287013 
     20          6          0        6.068138   -1.203191    2.377161 
     21          1          0        3.903929   -1.383798    2.597491 
     22          6          0        7.099431   -0.551156    1.705166 
     23          1          0        7.607512    0.928508    0.217971 
     24          1          0        6.295953   -1.967871    3.123030 
     25          1          0        8.139890   -0.800576    1.924310 
     26          6          0        2.844501   -1.797975   -2.132181 
     27          6          0        2.948566   -3.154820   -1.851202 
     28          6          0        2.379980   -1.328791   -3.354206 
     29          6          0        2.569288   -4.066800   -2.829063 
     30          1          0        3.303641   -3.462108   -0.865298 
     31          6          0        1.987257   -2.255482   -4.315928 
     32          1          0        2.324379   -0.252922   -3.536523 
     33          6          0        2.084031   -3.619641   -4.056965 
     34          1          0        2.639838   -5.137147   -2.624687 
     35          1          0        1.602874   -1.901723   -5.274904 
     36          1          0        1.776537   -4.341126   -4.816782 
     37          6          0        2.298521    2.783705   -1.066258 
     38          6          0        1.452040    3.398359   -1.979032 
     39          6          0        2.742716    3.446566    0.073326 
     40          6          0        1.022197    4.697792   -1.731807 
     41          1          0        1.134736    2.839499   -2.860046 
     42          6          0        2.306309    4.747044    0.306674 
     43          1          0        3.397975    2.938845    0.783221 
     44          6          0        1.442500    5.372564   -0.588238 
     45          1          0        0.353479    5.186189   -2.445343 
     46          1          0        2.642956    5.272353    1.202989 
     47          1          0        1.102199    6.393001   -0.397260 
     48          6          0       -3.070594    2.302379    0.297099 
     49          6          0       -2.385653    3.250703   -0.451590 
     50          6          0       -3.667632    2.614154    1.512490 
     51          6          0       -2.280169    4.544116    0.050299 
     52          1          0       -1.927287    2.954828   -1.399285 
     53          6          0       -3.549853    3.911263    2.000837 
     54          1          0       -4.207079    1.839459    2.059290 
     55          6          0       -2.852808    4.874936    1.275828 
     56          1          0       -1.731556    5.296522   -0.521058 
     57          1          0       -4.009393    4.169519    2.957540 
     58          1          0       -2.760941    5.890892    1.666198 
     59          6          0       -4.340881   -1.441355   -0.929272 
     60          6          0       -5.336438   -1.683288    0.007701 
     61          6          0       -4.626041   -1.228423   -2.270563 
     62          6          0       -6.659817   -1.721316   -0.424372 
     63          1          0       -5.074027   -1.835748    1.056914 
     64          6          0       -5.951943   -1.274464   -2.686731 
     65          1          0       -3.802793   -1.025581   -2.959128 
     66          6          0       -6.968914   -1.520693   -1.766776 
     67          1          0       -7.455350   -1.910213    0.299712 
     68          1          0       -6.191661   -1.111305   -3.739659 
288 
 
     69          1          0       -8.008997   -1.554436   -2.097798 
     70          6          0       -2.303018   -1.247451    2.750539 
     71          6          0       -1.737243   -0.692743    3.890695 
     72          6          0       -2.383428   -2.622096    2.566150 
     73          6          0       -1.238265   -1.541899    4.871485 
     74          1          0       -1.692532    0.394554    3.982435 
     75          6          0       -1.877093   -3.459120    3.556325 
     76          1          0       -2.826663   -3.031275    1.655090 
     77          6          0       -1.308580   -2.923875    4.707380 
     78          1          0       -0.786218   -1.118292    5.770895 
     79          1          0       -1.924393   -4.541250    3.419162 
     80          1          0       -0.911764   -3.586693    5.479071 
 -------------------------------------------------------------------- 
 
Table S 162. Energies of triplet 41
T
. 
Zero-point correction=                     0.585875(Hartree/Particle) 
Thermal correction to Energy=                    0.633481 
Thermal correction to Enthalpy=                  0.634425 
Thermal correction to Gibbs Free Energy=         0.499470 
Sum of electronic and zero-point Energies=         -10462.450932 
Sum of electronic and thermal Energies=            -10462.403325 
Sum of electronic and thermal Enthalpies=          -10462.402381 
Sum of electronic and thermal Free Energies=       -10462.537336 
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Table S 1. Coordinates of 53
S
 (M06 in dcm) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         15           0        2.275337    0.323024   -0.278159 
      2         15           0       -2.284111   -0.143563   -0.331688 
      3          8           0        2.861561    1.616148   -1.099271 
      4          8           0        2.881402    0.435693    1.244969 
      5          8           0        3.280281   -0.727684   -1.038329 
      6          8           0       -3.173337    1.024150   -1.061782 
      7          8           0       -2.943029   -0.290435    1.163778 
      8          8           0       -2.932714   -1.361106   -1.222546 
      9          8           0        0.006992   -0.496391    2.699463 
     10          6           0        2.280156    2.873276   -0.994165 
     11          6           0        2.178672    3.519285    0.234215 
     12          1           0        2.499639    3.017352    1.150410 
     13          6           0        1.687418    4.822785    0.268003 
     14          1           0        1.610758    5.341069    1.226539 
     15          6           0        1.312473    5.465319   -0.909310 
     16          1           0        0.943162    6.493223   -0.877930 
     17          6           0        1.404483    4.793720   -2.128246 
     18          1           0        1.103553    5.291035   -3.053281 
     19          6           0        1.884872    3.488612   -2.176263 
     20          1           0        1.969410    2.935795   -3.113810 
     21          6           0        4.216975    0.378639    1.627999 
     22          6           0        4.477687   -0.337156    2.792765 
     23          1           0        3.647786   -0.818779    3.314851 
     24          6           0        5.785070   -0.425757    3.257503 
     25          1           0        5.994536   -0.988109    4.170433 
     26          6           0        6.821442    0.193183    2.560172 
     27          1           0        7.848812    0.119260    2.923220 
     28          6           0        6.540506    0.911954    1.401265 
     29          1           0        7.346282    1.406344    0.853686 
     30          6           0        5.234408    1.017441    0.925755 
     31          1           0        5.017518    1.586030    0.020054 
     32          6           0        3.204131   -2.089687   -0.753545 
     33          6           0        4.259409   -2.664500   -0.054397 
     34          1           0        5.080801   -2.029689    0.286640 
     35          6           0        4.249592   -4.037112    0.176634 
     36          1           0        5.076747   -4.497523    0.721660 
     37          6           0        3.194564   -4.818056   -0.290099 
     38          1           0        3.191388   -5.895892   -0.113297 
     39          6           0        2.148208   -4.224661   -0.992885 
     40          1           0        1.327905   -4.837201   -1.373815 
     41          6           0        2.140699   -2.851663   -1.229736 
     42          1           0        1.334811   -2.375054   -1.796142 
     43          6           0       -3.127714    2.322541   -0.548468 
     44          6           0       -2.091030    3.179484   -0.904436 
     45          1           0       -1.288626    2.829853   -1.561881 
     46          6           0       -2.115706    4.486407   -0.421654 
     47          1           0       -1.311965    5.171822   -0.699891 
     48          6           0       -3.152030    4.920243    0.402101 
     49          1           0       -3.160614    5.947732    0.772488 
     50          6           0       -4.179395    4.045478    0.746398 
     51          1           0       -4.997201    4.380129    1.388510 
     52          6           0       -4.171536    2.737078    0.271674 
     53          1           0       -4.973619    2.038080    0.520626 
     54          6           0       -4.244947   -0.599297    1.534768 
     55          6           0       -5.296174   -0.777000    0.637697 
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     56          1           0       -5.148620   -0.681431   -0.437904 
     57          6           0       -6.560125   -1.080340    1.142698 
     58          1           0       -7.386989   -1.219460    0.442574 
     59          6           0       -6.773331   -1.206313    2.511817 
     60          1           0       -7.768742   -1.444209    2.892795 
     61          6           0       -5.708006   -1.027138    3.392568 
     62          1           0       -5.861039   -1.122900    4.469910 
     63          6           0       -4.440815   -0.724354    2.907846 
     64          1           0       -3.590320   -0.577854    3.577028 
     65          6           0       -2.359212   -2.625890   -1.199208 
     66          6           0       -2.073832   -3.274095    0.000069 
     67          1           0       -2.253179   -2.777873    0.958027 
     68          6           0       -1.571036   -4.572378   -0.041533 
     69          1           0       -1.348565   -5.089647    0.894540 
     70          6           0       -1.366141   -5.211861   -1.261736 
     71          1           0       -0.984808   -6.235417   -1.285738 
     72          6           0       -1.645946   -4.542256   -2.451937 
     73          1           0       -1.481649   -5.036245   -3.412399 
     74          6           0       -2.140490   -3.241742   -2.426428 
     75          1           0       -2.372261   -2.696007   -3.343503 
     76          6           0        0.009997   -0.284653    1.560750 
     77         77           0        0.005300    0.010744   -0.238003 
     78         17           0       -0.015906    0.318010   -2.643685 
 --------------------------------------------------------------------- 
Table S 2. Energies of 53
S
 (M06 in dcm) 
Zero-point correction=                           0.583092(Hartree/Particle) 
Thermal correction to Energy=                    0.627439 
Thermal correction to Enthalpy=                  0.628383 
Thermal correction to Gibbs Free Energy=         0.499366 
Sum of electronic and zero-point Energies=          -3200.619973 
Sum of electronic and thermal Energies=             -3200.575626 
Sum of electronic and thermal Enthalpies=           -3200.574682 
Sum of electronic and thermal Free Energies=        -3200.703698 
 
Table S 3. Gaussian 09/GaussSum results for singlet-singlet transition of 53
S
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 25120.3112 398.08424 0.0867 
HOMO->LUMO (96%) 
 
2 28908.7235 345.916346 0.0018 
HOMO->L+1 (83%); HOMO->L+10 (6%); 
HOMO->L+15 (3%) 
3 32215.6195 310.408434 0.0321 H-1->LUMO (88%); H-4->LUMO (5%) 
4 33318.187 300.136379 0.0245 
H-9->LUMO (14%); H-2->LUMO (52%);  
H-10->LUMO (2%); H-7->LUMO (5%);  
H-6->LUMO (7%); H-4->LUMO (6%);  
H-3->LUMO (7%) 
5 34477.2138 290.04664 0.1951 
H-15->LUMO (10%); H-7->LUMO (19%);  
H-3->LUMO (33%); H-14->LUMO (6%);  
H-9->LUMO (7%); H-8->LUMO (3%);  
H-5->LUMO (5%); H-4->LUMO (6%);  
H-2->LUMO (3%) 
6 36408.925 274.657931 0.0043 
H-1->L+1 (74%); H-4->L+1 (8%);  
H-1->L+10 (5%) 
 
7 36813.0115 271.643085 0.0154 
H-5->LUMO (29%); H-4->LUMO (22%);  
H-3->LUMO (36%) 
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8 37203.3866 268.792734 0.0012 
H-6->LUMO (16%); HOMO->L+14 (36%); 
H-9->LUMO (6%); H-7->LUMO (2%);  
H-5->LUMO (3%); H-4->LUMO (8%);  
H-2->LUMO (4%); HOMO->L+2 (6%); 
HOMO->L+5 (5%); HOMO->L+8 (3%) 
9 37250.9736 268.449359 0.005 
H-9->LUMO (11%); H-6->LUMO (19%);  
H-2->LUMO (10%); HOMO->L+14 (30%); 
H-7->LUMO (3%); H-5->LUMO (8%); 
HOMO->L+5 (5%) 
10 37340.5018 267.805721 0.0136 
H-9->LUMO (12%); H-5->LUMO (42%);  
H-4->LUMO (20%); H-2->LUMO (16%); 
H-3->LUMO (4%) 
 
Table S 4. Gaussian 09/GaussSum results for singlet-singlet transition of 53
S
 (CAM-B3LYP 
in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 25375.9907 394.073284 0.0974 HOMO->LUMO (91%); HOMO->L+8 (2%) 
2 30915.4448 323.462918 0.0027 
HOMO->L+1 (61%); HOMO->L+10 (7%); 
HOMO->L+11 (3%); HOMO->L+13 (9%); 
HOMO->L+15 (5%); HOMO->L+17 (2%) 
3 33636.7782 297.293633 0.0401 
H-4->LUMO (16%); H-1->LUMO (69%); 
H-16->LUMO (3%) 
4 35394.2725 282.531588 0.1837 
H-15->LUMO (32%); H-7->LUMO (21%);  
H-3->LUMO (10%); H-10->LUMO (8%);  
H-8->LUMO (8%); H-5->LUMO (3%);  
H-2->LUMO (6%) 
5 37040.4614 269.975038 0.018 
H-15->LUMO (11%); H-10->LUMO (28%); 
H-3->LUMO (15%); H-18->LUMO (4%);  
H-13->LUMO (5%); H-12->LUMO (6%);  
H-6->LUMO (2%); H-4->LUMO (8%);  
H-2->LUMO (5%) 
6 38981.0448 256.53494 0.0048 
H-4->L+1 (12%); H-1->L+1 (48%); 
H-1->L+10 (5%); H-1->L+11 (2%);  
H-1->L+13 (6%); H-1->L+15 (3%) 
7 40919.2085 244.384004 0.018 
H-15->L+1 (25%); H-7->L+1 (13%); 
H-15->L+10 (3%); H-15->L+13 (4%);  
H-10->L+1 (4%); H-8->L+1 (5%);  
H-5->L+1 (2%); H-3->L+1 (5%);  
H-2->L+1 (3%); H-1->L+14 (4%) 
8 42668.6371 234.364176 0.0185 
H-5->LUMO (20%); H-10->LUMO (4%);  
H-7->LUMO (2%); H-5->L+2 (3%);  
H-5->L+3 (6%); H-3->LUMO (9%);  
H-2->LUMO (7%) 
9 42825.9163 233.503468 0.0111 
H-4->LUMO (12%); H-13->L+6 (2%);  
H-13->L+13 (2%); H-10->LUMO (3%);  
H-6->LUMO (6%); H-5->LUMO (5%);  
H-3->LUMO (5%); H-3->L+2 (4%);  
H-2->LUMO (6%); H-1->LUMO (4%) 
10 42896.087 233.121496 0.0186 
H-2->LUMO (10%); H-10->LUMO (2%);  
H-8->LUMO (4%); H-7->LUMO (7%);  
H-6->L+9 (3%); H-5->LUMO (6%);  
H-4->L+2 (2%); H-3->LUMO (5%);  
H-2->L+3 (3%); H-1->L+2 (2%) 
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Table S 5. Gaussian 09/GaussSum results for singlet-triplet transition of 53
S
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 20393.8696 490.343431 0 HOMO->LUMO (95%) 
2 26331.7643 379.769463 0 
HOMO->L+1 (72%); H-1->LUMO (6%); 
HOMO->L+10 (6%); HOMO->L+15 (4%) 
3 27909.3957 358.302276 0 
H-1->LUMO (72%); H-4->LUMO (7%); 
HOMO->L+1 (7%) 
4 28674.8211 348.738008 0 
H-13->L+2 (8%); H-13->L+4 (3%);  
H-13->L+5 (2%); H-13->L+6 (4%);  
H-10->L+2 (5%); H-6->L+12 (3%);  
H-5->L+6 (3%); H-5->L+12 (3%);  
H-4->L+12 (2%); H-2->L+1 (2%);  
H-2->L+12 (3%) 
5 28725.6344 348.121119 0 
H-14->L+2 (6%); H-14->L+3 (7%);  
H-14->L+6 (3%); H-7->L+11 (3%);  
H-5->L+1 (4%); H-5->L+6 (5%);  
H-5->L+11 (8%); H-3->L+6 (3%);  
H-3->L+11 (3%); H-2->L+6 (2%) 
6 28807.9035 347.126961 0 
H-3->L+8 (10%); H-12->L+2 (4%);  
H-12->L+3 (2%); H-12->L+4 (3%);  
H-12->L+7 (2%); H-12->L+9 (3%);  
H-11->L+3 (4%); H-11->L+4 (2%);  
H-10->L+3 (2%); H-8->L+8 (2%);  
H-4->L+8 (3%); H-3->LUMO (4%);  
H-3->L+5 (3%); H-3->L+13 (2%);  
H-2->L+13 (2%) 
7 28861.1365 346.486702 0 
H-11->L+4 (16%); H-4->L+13 (10%); 
H-12->L+3 (4%); H-12->L+4 (6%);  
H-11->L+7 (2%); H-4->LUMO (5%);  
H-3->L+8 (2%); H-3->L+12 (2%);  
H-2->L+12 (3%); H-2->L+13 (6%) 
8 28949.0515 345.434461 0 
H-15->L+2 (2%); H-15->L+9 (6%);  
H-10->L+9 (5%); H-8->LUMO (2%);  
H-8->L+3 (2%); H-8->L+9 (3%);  
H-8->L+10 (4%); H-8->L+12 (4%);  
H-7->L+9 (2%); H-6->L+10 (3%);  
H-3->L+5 (3%); H-3->L+10 (4%);  
H-3->L+12 (3%) 
9 29036.9666 344.388591 0 
H-13->L+7 (6%); H-13->L+8 (3%);  
H-10->L+7 (6%); H-10->L+8 (2%);  
H-9->L+7 (3%); H-8->L+10 (2%);  
H-7->L+5 (3%); H-7->L+11 (3%);  
H-6->L+5 (2%); H-6->L+10 (3%);  
H-6->L+11 (5%); H-5->L+5 (2%);  
H-5->L+11 (3%) 
10 30607.3389 326.719028 0 
H-15->LUMO (16%); H-7->LUMO (26%);  
H-2->LUMO (20%); H-14->LUMO (9%);  
H-8->LUMO (4%); H-6->LUMO (5%);  
H-5->LUMO (6%); H-3->LUMO (2%) 
 
Table S 6. Gaussian 09/GaussSum results for singlet-triplet transition of 53
S
 (CAM-B3LYP 
in dcm) 
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HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 19740.556 506.571345 0 HOMO->LUMO (89%); HOMO->L+8 (3%) 
2 26101.8947 383.11395 0 
H-4->LUMO (13%); H-1->LUMO (47%); 
HOMO->L+1 (12%); H-16->LUMO (4%);  
H-1->L+16 (2%) 
3 27582.7389 362.545578 0 
H-1->LUMO (13%); HOMO->L+1 (45%); 
H-4->LUMO (3%); HOMO->L+10 (5%); 
HOMO->L+11 (2%); HOMO->L+13 (6%); 
HOMO->L+15 (6%) 
4 28740.959 347.935502 0 
H-14->L+3 (3%); H-13->L+2 (3%);  
H-9->L+2 (5%); H-8->L+6 (2%);  
H-5->L+6 (5%); H-5->L+11 (5%);  
H-4->L+13 (2%); H-3->L+1 (3%);  
H-3->L+13 (3%) 
5 28751.4443 347.808614 0 
H-13->L+2 (3%); H-13->L+7 (4%);  
H-9->L+5 (4%); H-8->L+2 (3%);  
H-6->L+5 (2%); H-6->L+6 (3%);  
H-5->L+1 (3%); H-5->L+13 (2%);  
H-3->L+6 (5%); H-3->L+13 (2%) 
6 28801.451 347.204729 0 
H-14->L+3 (4%); H-12->L+2 (5%);  
H-11->L+2 (2%); H-11->L+4 (4%);  
H-10->L+3 (2%); H-5->L+6 (3%);  
H-2->L+5 (2%); H-2->L+6 (2%);  
H-2->L+8 (7%) 
7 28889.3661 346.148128 0 
H-14->L+2 (5%); H-14->L+9 (3%);  
H-10->L+9 (2%); H-8->L+3 (3%);  
H-8->L+9 (4%); H-8->L+10 (3%);  
H-8->L+12 (2%); H-7->L+5 (2%);  
H-7->L+11 (4%); H-6->L+10 (3%);  
H-2->L+10 (4%); H-2->L+13 (3%) 
8 28933.7269 345.617419 0 
H-13->L+6 (2%); H-13->L+8 (3%);  
H-9->L+6 (2%); H-9->L+7 (5%);  
H-9->L+8 (3%); H-9->L+9 (5%);  
H-8->L+10 (3%); H-6->L+1 (2%);  
H-6->L+5 (3%); H-6->L+10 (5%);  
H-6->L+11 (5%); H-6->L+12 (3%);  
H-5->L+10 (3%) 
9 30782.3624 324.861356 0 
H-15->LUMO (44%); H-7->LUMO (19%); 
H-10->LUMO (4%); H-8->LUMO (8%);  
H-5->LUMO (3%); H-3->LUMO (5%);  
H-2->LUMO (5%) 
10 34886.1397 286.646791 0 
H-4->L+1 (12%); H-1->L+1 (42%); 
H-1->L+10 (6%); H-1->L+11 (3%);  
H-1->L+13 (7%); H-1->L+15 (5%) 
 
Table S 7. Coordinates of 53
S’
 (M06 in dcm) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.189898    0.323246   -0.244186 
      2         15           0        2.461063   -0.034546   -0.249532 
      3         15           0       -2.102937    0.483698   -0.142526 
      4          8           0        3.065163   -0.229948   -1.756725 
      5          8           0        3.447734    1.088478    0.449800 
      6          8           0        3.105580   -1.370632    0.446331 
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      7          8           0       -2.913044   -0.667245    0.706885 
      8          8           0       -2.912669    0.522744   -1.577703 
      9          8           0       -2.652484    1.846549    0.566887 
     10          6           0        0.135052    0.049170   -2.044322 
     11          8           0        0.086873   -0.113068   -3.191596 
     12         17           0        0.197235    0.742813    2.142764 
     13          6           0        4.412568   -0.507389   -1.998338 
     14          6           0        5.311042    0.543693   -2.134791 
     15          6           0        4.806592   -1.830146   -2.161920 
     16          6           0        6.638228    0.257166   -2.444164 
     17          1           0        4.969226    1.573390   -2.010931 
     18          6           0        6.135754   -2.102145   -2.472486 
     19          1           0        4.069067   -2.627061   -2.048795 
     20          6           0        7.052905   -1.062074   -2.611864 
     21          1           0        7.353075    1.075480   -2.555996 
     22          1           0        6.455120   -3.138375   -2.605344 
     23          1           0        8.095020   -1.281076   -2.855237 
     24          6           0        3.121498    2.436618    0.447367 
     25          6           0        3.347092    3.138643    1.626381 
     26          6           0        2.624220    3.070733   -0.688672 
     27          6           0        3.070529    4.500774    1.667593 
     28          1           0        3.724633    2.600698    2.498847 
     29          6           0        2.339305    4.434020   -0.628498 
     30          1           0        2.465137    2.511433   -1.614788 
     31          6           0        2.562789    5.151133    0.543327 
     32          1           0        3.246116    5.056699    2.591432 
     33          1           0        1.943350    4.935819   -1.514273 
     34          1           0        2.342120    6.220018    0.581592 
     35          6           0        2.840227   -1.683452    1.778705 
     36          6           0        1.826509   -2.590043    2.060179 
     37          6           0        3.621753   -1.120081    2.780632 
     38          6           0        1.585806   -2.935440    3.386844 
     39          1           0        1.237183   -3.008414    1.239510 
     40          6           0        3.366248   -1.470497    4.103630 
     41          1           0        4.416403   -0.421023    2.512966 
     42          6           0        2.349665   -2.373659    4.408352 
     43          1           0        0.789472   -3.645937    3.621491 
     44          1           0        3.970227   -1.033694    4.902173 
     45          1           0        2.154139   -2.644410    5.448422 
     46          6           0       -2.416989   -1.943932    0.933470 
     47          6           0       -1.950094   -2.743593   -0.106209 
     48          6           0       -2.457199   -2.410103    2.242898 
     49          6           0       -1.518143   -4.036925    0.181625 
     50          1           0       -1.935717   -2.371160   -1.134369 
     51          6           0       -2.034951   -3.707791    2.513261 
     52          1           0       -2.825468   -1.750051    3.031156 
     53          6           0       -1.561658   -4.523330    1.486015 
     54          1           0       -1.154719   -4.670824   -0.630295 
     55          1           0       -2.074295   -4.081959    3.539001 
     56          1           0       -1.231898   -5.541979    1.702289 
     57          6           0       -4.010934    2.099911    0.749183 
     58          6           0       -4.707962    2.800226   -0.228802 
     59          6           0       -4.618220    1.693678    1.931957 
     60          6           0       -6.053831    3.088037   -0.016147 
     61          1           0       -4.191899    3.113838   -1.138395 
     62          6           0       -5.964266    1.988124    2.130821 
     63          1           0       -4.029206    1.160476    2.681059 
     64          6           0       -6.683873    2.679617    1.157583 
     65          1           0       -6.612608    3.637716   -0.777016 
     66          1           0       -6.452870    1.675593    3.056469 
     67          1           0       -7.739817    2.908308    1.318325 
     68          6           0       -3.778069   -0.444945   -2.070111 
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     69          6           0       -4.999420   -0.699468   -1.453356 
     70          6           0       -3.398696   -1.112046   -3.230991 
     71          6           0       -5.844332   -1.656884   -2.008848 
     72          1           0       -5.281736   -0.151000   -0.551639 
     73          6           0       -4.257109   -2.061852   -3.777733 
     74          1           0       -2.436292   -0.879864   -3.692669 
     75          6           0       -5.477271   -2.340528   -3.165840 
     76          1           0       -6.802782   -1.864926   -1.527630 
     77          1           0       -3.966125   -2.590248   -4.688462 
     78          1           0       -6.147702   -3.088857   -3.594094 
 --------------------------------------------------------------------- 
Table S 8. Energies of 53
S’
 (M06 in dcm) 
Zero-point correction=                           0.583784(Hartree/Particle) 
Thermal correction to Energy=                    0.627793 
Thermal correction to Enthalpy=                  0.628737 
Thermal correction to Gibbs Free Energy=         0.501530 
Sum of electronic and zero-point Energies=          -3200.617303 
Sum of electronic and thermal Energies=             -3200.573295 
Sum of electronic and thermal Enthalpies=           -3200.572351 
Sum of electronic and thermal Free Energies=        -3200.699557 
 
Table S 9. Gaussian 09/GaussSum results for singlet-singlet transition of 53
S’
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 25783.30352 387.84789514 0.0669 HOMO->LUMO (95%) 
2 28410.26944 351.985398136 0.0042 
HOMO->L+1 (86%); HOMO->LUMO (2%); 
HOMO->L+13 (3%); HOMO->L+15 (3%) 
3 33101.2224 302.103646783 0.0212 
H-1->LUMO (85%); H-3->LUMO (3%); 
H-1->L+1 (2%) 
4 33256.88848 300.689585137 0.0143 
H-2->LUMO (75%); H-13->LUMO (2%); 
H-11->LUMO (5%); H-6->LUMO (6%) 
5 35100.68464 284.894727911 0.1212 
H-15->LUMO (12%); H-8->LUMO (15%);  
H-7->LUMO (26%); H-6->LUMO (26%);  
H-11->LUMO (5%); H-2->LUMO (3%) 
6 35833.84768 279.065761771 0.0033 
H-1->L+1 (72%); H-3->L+1 (5%);  
H-2->L+1 (7%); H-1->LUMO (3%); 
H-1->L+13 (2%) 
7 36145.9864 276.655888965 0.003 
HOMO->L+4 (21%); HOMO->L+14 (52%); 
HOMO->L+2 (7%); HOMO->L+3 (8%); 
HOMO->L+6 (2%); HOMO->L+8 (2%) 
8 37224.35712 268.641308371 0.0061 
H-3->LUMO (77%); H-6->LUMO (4%); 
H-1->LUMO (6%) 
9 37665.54544 265.494628663 0.0013 
H-4->LUMO (62%); H-11->LUMO (4%);   
H-8->LUMO (2%); H-3->LUMO (3%); 
HOMO->L+2 (6%); HOMO->L+3 (3%) 
10 37749.42768 264.904678417 0.0083 
H-4->LUMO (10%); HOMO->L+2 (48%); 
HOMO->L+3 (6%); HOMO->L+4 (9%); 
HOMO->L+5 (7%); HOMO->L+15 (8%) 
 
Table S 10. Gaussian 09/GaussSum results for singlet-triplet transition of 53
S’
 (M06 in dcm) 
HOMO 
is 186      
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No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 21368.19408 467.985266446 0 HOMO->LUMO (95%) 
2 25923.64496 385.748223887 0 
HOMO->L+1 (81%); H-1->LUMO (2%); 
HOMO->L+13 (4%); HOMO->L+15 (5%) 
3 28268.31488 353.752957771 0 
H-1->LUMO (71%); H-16->LUMO (2%); 
H-3->LUMO (5%); H-2->LUMO (7%); 
HOMO->L+1 (3%) 
4 28702.24416 348.404812678 0 
H-15->L+3 (2%); H-15->L+5 (3%); 
H-13->L+3 (2%); H-11->L+3 (2%); 
H-11->L+5 (3%); H-9->L+5 (2%); 
H-8->L+9 (2%); H-4->L+1 (2%); 
H-4->L+9 (5%); H-4->L+11 (4%); 
H-4->L+12 (4%); H-2->L+11 (2%) 
5 28778.86736 347.477191333 0 
H-13->L+4 (2%); H-13->L+7 (3%); 
H-11->L+12 (3%); H-9->L+5 (2%); 
H-9->L+7 (3%); H-9->L+9 (2%);  
H-9->L+11 (4%); H-6->L+13 (2%);  
H-3->L+5 (3%); H-3->L+12 (3%);  
H-3->L+13 (7%); H-2->L+4 (2%);  
H-2->L+12 (4%) 
6 28800.64448 347.214452334 0 
H-13->L+7 (2%); H-13->L+9 (2%);  
H-11->L+12 (2%); H-9->L+5 (5%);  
H-9->L+7 (4%); H-9->L+11 (3%);  
H-6->L+13 (2%); H-3->L+1 (3%); 
H-3->L+4 (3%); H-3->L+11 (3%);  
H-3->L+12 (4%); H-3->L+13 (7%);  
H-2->L+12 (4%); H-2->L+13 (2%);  
H-1->L+13 (2%) 
7 28934.53344 345.607784578 0 
H-14->L+2 (7%); H-14->L+3 (4%);  
H-14->L+8 (8%); H-10->L+2 (8%);  
H-10->L+3 (5%); H-10->L+8 (4%);  
H-5->L+2 (4%); H-5->L+4 (7%);  
H-5->L+5 (3%); H-5->L+7 (5%);  
H-5->L+8 (5%); H-5->L+9 (9%);  
H-5->L+10 (7%) 
8 29053.90432 344.187820331 0 
H-10->L+8 (14%); H-14->L+2 (3%);  
H-14->L+3 (5%); H-14->L+7 (2%);  
H-14->L+8 (8%); H-10->L+3 (4%);  
H-10->L+7 (3%); H-8->L+1 (2%);  
H-8->L+4 (2%); H-8->L+10 (6%);  
H-8->L+11 (3%); H-6->L+10 (2%);  
H-4->L+1 (2%); H-4->L+4 (2%);  
H-4->L+10 (7%); H-4->L+11 (4%) 
9 29182.14736 342.675262263 0 
H-12->L+6 (34%); H-12->L+7 (4%);  
H-7->L+2 (4%); H-7->L+3 (4%);  
H-7->L+4 (4%); H-7->L+5 (5%);  
H-7->L+12 (4%); H-6->L+2 (2%);  
H-6->L+3 (2%); H-6->L+4 (2%);  
H-6->L+5 (3%); H-6->L+12 (3%) 
10 31376.79712 318.70684448 0 
H-15->LUMO (15%); H-8->LUMO (16%);  
H-7->LUMO (20%); H-6->LUMO (28%); 
H-13->LUMO (3%); H-2->LUMO (8%) 
 
Table S 11. Coordinates of 53
S”
 (M06 in dcm) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
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 --------------------------------------------------------------------- 
      1         77           0        0.044286   -0.680594    0.063960 
      2         15           0        2.344103   -0.778585    0.109958 
      3         15           0       -2.259919   -0.589670   -0.001434 
      4          8           0        3.086293   -0.627016    1.574834 
      5          8           0        2.957247   -2.211213   -0.371656 
      6          8           0        3.193430    0.270504   -0.822960 
      7          8           0       -3.007027    0.842803   -0.310813 
      8          8           0       -3.019843   -0.957451    1.405731 
      9          8           0       -2.939728   -1.638572   -1.058563 
     10          6           0       -0.018826   -0.392243    1.859365 
     11          8           0       -0.052988   -0.246910    3.010848 
     12          6           0       -3.920588   -0.143167    2.088490 
     13          6           0       -5.268039   -0.479058    2.072064 
     14          6           0       -3.449498    0.944044    2.816506 
     15          6           0       -6.162612    0.291457    2.811381 
     16          1           0       -5.600891   -1.339072    1.485554 
     17          6           0       -4.355506    1.709868    3.544715 
     18          1           0       -2.382691    1.183383    2.807492 
     19          6           0       -5.711120    1.385467    3.545516 
     20          1           0       -7.223922    0.032802    2.806788 
     21          1           0       -3.995538    2.565800    4.120179 
     22          1           0       -6.417269    1.987668    4.121361 
     23          6           0       -2.482300    1.855895   -1.101069 
     24          6           0       -2.002475    1.608821   -2.384191 
     25          6           0       -2.534634    3.144770   -0.581169 
     26          6           0       -1.580865    2.685074   -3.161349 
     27          1           0       -1.961954    0.589915   -2.777766 
     28          6           0       -2.124581    4.211510   -1.375962 
     29          1           0       -2.918786    3.297377    0.430214 
     30          6           0       -1.649257    3.985080   -2.666114 
     31          1           0       -1.201024    2.499479   -4.168873 
     32          1           0       -2.177934    5.228309   -0.979743 
     33          1           0       -1.332174    4.825139   -3.288344 
     34          6           0       -4.315877   -1.840844   -1.125432 
     35          6           0       -4.835337   -3.001547   -0.563237 
     36          6           0       -5.126551   -0.922985   -1.784373 
     37          6           0       -6.202597   -3.245102   -0.662007 
     38          1           0       -4.162147   -3.697514   -0.057906 
     39          6           0       -6.493420   -1.175672   -1.868567 
     40          1           0       -4.687330   -0.028601   -2.231344 
     41          6           0       -7.033604   -2.331354   -1.308224 
     42          1           0       -6.620307   -4.156447   -0.227788 
     43          1           0       -7.139679   -0.461271   -2.383418 
     44          1           0       -8.106095   -2.524493   -1.381815 
     45          6           0        4.334422   -2.435182   -0.408955 
     46          6           0        4.962736   -2.981692    0.704043 
     47          6           0        5.032200   -2.150914   -1.577293 
     48          6           0        6.329912   -3.237551    0.644414 
     49          1           0        4.378562   -3.201069    1.599853 
     50          6           0        6.399211   -2.411191   -1.622519 
     51          1           0        4.497514   -1.733179   -2.433099 
     52          6           0        7.049800   -2.948903   -0.513312 
     53          1           0        6.834551   -3.667759    1.512548 
     54          1           0        6.959075   -2.191550   -2.534583 
     55          1           0        8.122620   -3.150221   -0.553738 
     56          6           0        3.720985    0.528896    2.011893 
     57          6           0        4.976855    0.862993    1.514555 
     58          6           0        3.089442    1.305424    2.977202 
     59          6           0        5.598604    2.016287    1.983908 
     60          1           0        5.450724    0.224174    0.765217 
     61          6           0        3.726767    2.453179    3.442165 
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     62          1           0        2.108870    1.002527    3.351391 
     63          6           0        4.975970    2.814340    2.942470 
     64          1           0        6.582146    2.291973    1.596698 
     65          1           0        3.238300    3.069250    4.200500 
     66          1           0        5.469808    3.718078    3.306257 
     67          6           0        2.688623    1.459691   -1.329670 
     68          6           0        2.055966    2.395231   -0.515663 
     69          6           0        2.907392    1.703335   -2.680357 
     70          6           0        1.644271    3.602375   -1.077301 
     71          1           0        1.906475    2.198072    0.549660 
     72          6           0        2.502371    2.918320   -3.223954 
     73          1           0        3.400611    0.939117   -3.284878 
     74          6           0        1.873283    3.870662   -2.424292 
     75          1           0        1.154762    4.345077   -0.443158 
     76          1           0        2.680472    3.119725   -4.282792 
     77          1           0        1.559937    4.825548   -2.852757 
     78         17           0        0.209689   -1.214807   -2.280350 
 --------------------------------------------------------------------- 
 
Table S 12. Energies of 53
S” 
(M06 in dcm) 
Zero-point correction=                           0.583477(Hartree/Particle) 
Thermal correction to Energy=                    0.627467 
Thermal correction to Enthalpy=                  0.628411 
Thermal correction to Gibbs Free Energy=         0.501724 
Sum of electronic and zero-point Energies=          -3200.613371 
Sum of electronic and thermal Energies=             -3200.569381 
Sum of electronic and thermal Enthalpies=           -3200.568436 
Sum of electronic and thermal Free Energies=        -3200.695123 
 
Table S 13. Gaussian 09/GaussSum results for singlet-singlet transition of 53
S”
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 25790.56256 387.738731047 0.0564 HOMO->LUMO (97%) 
2 28485.27952 351.05851754 0.0004 HOMO->L+1 (86%); HOMO->L+12 (5%) 
3 3094.76992 302.162547864 0.0206 
H-2->LUMO (24%); H-1->LUMO (50%); 
H-9->LUMO (2%); H-7->LUMO (3%);  
H-4->LUMO (5%); H-3->LUMO (8%) 
4 33606.12896 297.564768971 0.0267 
H-4->LUMO (17%); H-2->LUMO (57%); 
H-12->LUMO (3%); H-9->LUMO (2%);  
H-7->LUMO (2%); H-3->LUMO (6%);  
H-1->LUMO (4%) 
5 34941.79232 286.190242001 0.1101 
H-15->LUMO (16%); H-9->LUMO (14%);  
H-7->LUMO (23%); H-3->LUMO (15%);  
H-1->LUMO (11%); H-6->LUMO (3%);  
H-4->LUMO (5%); H-2->LUMO (4%) 
6 35929.02176 278.326531315 0.0011 
H-2->L+1 (11%); HOMO->L+5 (22%); 
HOMO->L+14 (49%); H-1->L+1 (3%); 
HOMO->L+3 (3%) 
7 35992.74 277.833807596 0.0017 
H-2->L+1 (56%); H-1->L+1 (13%);  
HOMO->L+14 (10%); H-2->L+12 (3%); 
HOMO->L+5 (5%) 
8 36165.34384 276.507809361 0.0348 
H-7->LUMO (30%); H-1->LUMO (32%);  
H-15->LUMO (3%); H-8->LUMO (3%);  
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H-6->LUMO (3%); H-4->LUMO (5%);  
H-3->LUMO (8%); H-2->LUMO (6%) 
9 37657.47984 265.551493156 0.0045 
HOMO->L+2 (82%); HOMO->L+4 (2%); 
HOMO->L+5 (2%); HOMO->L+15 (4%); 
HOMO->L+18 (2%) 
10 37955.10048 263.46920107 0.0023 
H-6->LUMO (25%); H-4->LUMO (26%);  
H-3->LUMO (30%); H-8->LUMO (3%);  
H-5->LUMO (7%); H-2->LUMO (3%) 
 
Table S 14. Gaussian 09/GaussSum results for singlet-triplet transition of 53
S”
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 21617.42112 462.589868814 0 HOMO->LUMO (96%) 
2 26019.6256 384.325284066 0 
HOMO->L+1 (79%); H-2->LUMO (2%); 
HOMO->L+12 (6%); HOMO->L+16 (3%) 
3 28265.08864 353.793335919 0 
H-2->LUMO (69%); H-1->LUMO (15%);  
H-16->LUMO (2%); HOMO->L+1 (3%) 
4 28483.6664 351.078399093 0 
H-15->L+6 (3%); H-15->L+10 (5%);  
H-12->L+2 (3%); H-12->L+4 (2%);  
H-12->L+6 (2%); H-9->L+10 (2%);  
H-7->L+13 (2%); H-6->L+13 (5%);  
H-1->L+1 (5%); H-1->L+7 (3%);  
H-1->L+9 (4%); H-1->L+11 (3%);  
H-1->L+12 (4%) 
5 28732.89344 348.033170446 0 
H-1->L+13 (12%); H-15->L+2 (3%);  
H-12->L+2 (3%); H-12->L+10 (4%);  
H-12->L+11 (3%); H-9->L+2 (4%);  
H-9->L+4 (2%); H-9->L+8 (2%);  
H-1->L+2 (3%) 
6 28946.63184 345.463335951 0 
H-13->L+3 (15%); H-13->L+7 (4%);  
H-13->L+9 (3%); H-10->L+3 (7%);  
H-6->L+5 (3%); H-6->L+9 (4%);  
H-5->L+2 (2%); H-5->L+5 (9%);  
H-5->L+7 (4%); H-5->L+9 (7%);  
H-5->L+10 (3%) 
7 28952.27776 345.395967906 0 
H-14->L+6 (5%); H-14->L+8 (6%);  
H-11->L+2 (3%); H-11->L+3 (2%);  
H-11->L+4 (8%); H-11->L+6 (2%);  
H-11->L+8 (3%); H-10->L+4 (2%);  
H-8->L+6 (3%); H-8->L+11 (2%);  
H-8->L+12 (2%); H-4->L+2 (3%);  
H-4->L+8 (5%); H-4->L+11 (5%);  
H-4->L+13 (3%); H-3->L+2 (3%);  
H-3->L+5 (2%); H-3->L+8 (3%) 
8 29014.38288 344.656649819 0 
H-14->L+4 (14%); H-14->L+6 (5%);  
H-11->L+4 (3%); H-11->L+6 (8%);  
H-8->L+2 (3%); H-8->L+5 (4%);  
H-8->L+12 (3%); H-3->L+5 (3%);  
H-3->L+7 (2%); H-3->L+12 (8%) 
9 29078.10112 343.90141085 0 
H-13->L+3 (5%); H-13->L+7 (5%);  
H-13->L+9 (3%); H-12->L+7 (3%);  
H-11->L+7 (2%); H-10->L+3 (3%);  
H-10->L+7 (8%); H-10->L+9 (5%);  
H-7->L+5 (2%); H-7->L+11 (3%);  
H-6->L+5 (3%); H-6->L+11 (4%);  
H-5->L+11 (2%); H-4->L+11 (3%);  
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H-3->L+11 (3%) 
10 31433.25632 318.134395565 0 
H-15->LUMO (26%); H-9->LUMO (19%);  
H-7->LUMO (27%); H-3->LUMO (10%);  
H-6->LUMO (3%); H-4->LUMO (7%) 
 
Table S 15. Coordinates of 54
S
 (M06 in dcm) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         15           0        2.257223    0.332409   -0.162093 
      2         15           0       -2.294950   -0.205326   -0.238555 
      3          8           0        2.846729    1.679970   -0.888860 
      4          8           0        2.852706    0.346952    1.370467 
      5          8           0        3.270924   -0.668140   -0.974698 
      6          8           0       -3.235519    0.931900   -0.950132 
      7          8           0       -2.925340   -0.367363    1.269037 
      8          8           0       -2.925294   -1.443352   -1.113354 
      9          8           0       -0.024275   -0.525274    2.798966 
     10          6           0        2.260086    2.925861   -0.710208 
     11          6           0        2.001244    3.435392    0.559033 
     12          1           0        2.216882    2.839492    1.449715 
     13          6           0        1.484425    4.724609    0.672605 
     14          1           0        1.280442    5.132527    1.665132 
     15          6           0        1.242982    5.490607   -0.464684 
     16          1           0        0.848277    6.504820   -0.367814 
     17          6           0        1.508111    4.961641   -1.727713 
     18          1           0        1.318245    5.557059   -2.623858 
     19          6           0        2.013461    3.672249   -1.857172 
     20          1           0        2.231987    3.233633   -2.832500 
     21          6           0        4.187291    0.305036    1.758286 
     22          6           0        4.456754   -0.450241    2.895966 
     23          1           0        3.633424   -0.965298    3.396106 
     24          6           0        5.763847   -0.534792    3.362040 
     25          1           0        5.980019   -1.128567    4.253223 
     26          6           0        6.792050    0.127732    2.693137 
     27          1           0        7.819516    0.056221    3.056396 
     28          6           0        6.502129    0.887490    1.563155 
     29          1           0        7.301033    1.416257    1.037990 
     30          6           0        5.195953    0.989547    1.086857 
     31          1           0        4.973095    1.588510    0.202779 
     32          6           0        3.224142   -2.040524   -0.731275 
     33          6           0        4.298512   -2.616886   -0.062986 
     34          1           0        5.113992   -1.978848    0.286019 
     35          6           0        4.314605   -3.995590    0.128270 
     36          1           0        5.156916   -4.457109    0.648630 
     37          6           0        3.266249   -4.781050   -0.345910 
     38          1           0        3.283453   -5.863286   -0.199515 
     39          6           0        2.200630   -4.186129   -1.017530 
     40          1           0        1.385605   -4.801336   -1.405389 
     41          6           0        2.167690   -2.807374   -1.214905 
     42          1           0        1.346789   -2.329002   -1.757349 
     43          6           0       -3.160944    2.251931   -0.499573 
     44          6           0       -2.218976    3.114278   -1.050109 
     45          1           0       -1.512246    2.734940   -1.793313 
     46          6           0       -2.218666    4.446611   -0.644742 
     47          1           0       -1.490493    5.137354   -1.076871 
     48          6           0       -3.135941    4.899083    0.301780 
     49          1           0       -3.128976    5.946381    0.611989 
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     50          6           0       -4.065629    4.016377    0.846488 
     51          1           0       -4.788916    4.366443    1.586430 
     52          6           0       -4.083031    2.682518    0.447783 
     53          1           0       -4.813041    1.975476    0.849837 
     54          6           0       -4.219953   -0.668348    1.667573 
     55          6           0       -5.279693   -0.895376    0.792101 
     56          1           0       -5.145066   -0.845481   -0.288255 
     57          6           0       -6.534482   -1.187486    1.325832 
     58          1           0       -7.368627   -1.365086    0.643270 
     59          6           0       -6.730434   -1.254367    2.701696 
     60          1           0       -7.718876   -1.483763    3.105366 
     61          6           0       -5.656657   -1.026025    3.560723 
     62          1           0       -5.796260   -1.074955    4.643004 
     63          6           0       -4.398526   -0.733268    3.047481 
     64          1           0       -3.540657   -0.548797    3.697874 
     65          6           0       -2.328744   -2.697273   -1.087941 
     66          6           0       -2.033372   -3.339328    0.111939 
     67          1           0       -2.220278   -2.844367    1.069028 
     68          6           0       -1.510798   -4.630003    0.072105 
     69          1           0       -1.280237   -5.142356    1.008878 
     70          6           0       -1.298054   -5.268612   -1.147030 
     71          1           0       -0.901858   -6.286485   -1.169700 
     72          6           0       -1.588915   -4.605122   -2.338210 
     73          1           0       -1.418680   -5.098616   -3.297948 
     74          6           0       -2.101944   -3.311870   -2.314234 
     75          1           0       -2.341988   -2.769551   -3.231069 
     76          6           0       -0.017944   -0.311017    1.662054 
     77         77           0       -0.013295    0.007213   -0.142072 
     78         35           0        0.014340    0.424369   -2.644752 
 --------------------------------------------------------------------- 
 
Table S 16. Energies of 54
S
 (M06 in dcm) 
Zero-point correction=                           0.583447(Hartree/Particle) 
Thermal correction to Energy=                    0.627817 
Thermal correction to Enthalpy=                  0.628761 
Thermal correction to Gibbs Free Energy=         0.499541 
Sum of electronic and zero-point Energies=          -5314.455047 
Sum of electronic and thermal Energies=             -5314.410677 
Sum of electronic and thermal Enthalpies=           -5314.409733 
Sum of electronic and thermal Free Energies=        -5314.538954 
 
Table S 17. Gaussian 09/GaussSum results for singlet-singlet transition of 54
S
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 25867.1858 386.59018 0.0862 HOMO->LUMO (97%) 
2 29951.6056 333.871918 0.0013 
HOMO->L+1 (83%); H-1->LUMO (3%); 
HOMO->L+10 (5%); HOMO->L+15 (2%) 
3 31063.8518 321.91758 0.0304 
H-1->LUMO (86%); H-6->LUMO (2%);  
H-2->LUMO (3%); HOMO->L+1 (2%) 
4 31434.8694 318.11807 0.0087 
H-2->LUMO (81%); H-7->LUMO (2%);  
H-6->LUMO (4%); H-4->LUMO (3%);  
H-1->LUMO (4%) 
5 34286.059 291.663734 0.2214 
H-15->LUMO (18%); H-9->LUMO (17%);  
H-8->LUMO (10%); H-3->LUMO (37%); 
H-5->LUMO (7%); H-4->LUMO (3%) 
6 35595.1059 280.937498 0.0028 H-1->L+1 (79%); H-2->L+1 (3%);  
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H-1->L+10 (4%) 
7 36126.629 276.804127 0.0092 
H-6->LUMO (15%); H-5->LUMO (60%);  
H-3->LUMO (16%); H-2->LUMO (4%) 
8 36261.3245 275.775917 0.016 
H-6->LUMO (38%); H-4->LUMO (26%);  
H-3->LUMO (17%); H-8->LUMO (2%);  
H-7->LUMO (4%); H-2->LUMO (7%) 
9 36699.2866 272.484861 0.0029 
H-6->LUMO (36%); H-5->LUMO (17%);  
H-4->LUMO (37%); H-8->LUMO (4%) 
10 37302.5934 268.077875 0.0245 
H-8->LUMO (21%); H-4->LUMO (17%);  
H-3->LUMO (21%); H-2->L+1 (10%); 
H-15->LUMO (4%); H-9->LUMO (8%);  
H-7->LUMO (5%); H-5->LUMO (6%) 
 
Table S 18. Gaussian 09/GaussSum results for singlet-singlet transition of 54
S
 (CAM-B3LYP 
in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 26070.4389 383.576205 0.0948 HOMO->LUMO (91%) 
2 31763.1394 314.830341 
0.0042 
HOMO->L+1 (63%); HOMO->L+10 (10%); 
H-1->LUMO (3%); HOMO->L+13 (6%); 
HOMO->L+15 (4%) 
3 32893.1299 304.014851 
0.0454 
H-1->LUMO (74%); H-16->LUMO (6%);  
H-4->LUMO (3%); H-2->LUMO (4%); 
HOMO->L+1 (3%) 
4 34777.2541 287.544266 
0.0153 
H-6->LUMO (10%); H-2->LUMO (58%); 
H-19->LUMO (4%); H-15->LUMO (3%);  
H-7->LUMO (6%); H-5->LUMO (4%);  
H-4->LUMO (3%); H-1->LUMO (2%) 
5 35654.7914 280.467214 
0.1859 
H-15->LUMO (46%); H-9->LUMO (20%); 
H-5->LUMO (3%); H-4->LUMO (3%);  
H-3->LUMO (8%); H-2->LUMO (3%) 
6 37489.7154 266.739822 
0.0023 
H-1->L+1 (58%); H-16->L+1 (4%);  
H-4->L+1 (3%); H-2->L+1 (4%);  
H-1->L+10 (8%); H-1->L+13 (5%);  
H-1->L+15 (2%) 
7 38676.1651 258.557175 
0.0133 
H-15->L+1 (27%); H-2->L+1 (13%); 
H-15->L+10 (5%); H-15->L+13 (3%);  
H-15->L+15 (2%); H-9->L+1 (9%);  
H-6->L+1 (2%); H-5->L+1 (4%);  
H-3->L+1 (4%); H-1->L+14 (3%) 
8 40754.6702 245.370652 
0.0087 
H-2->L+1 (34%); H-15->L+1 (9%);  
H-9->L+1 (5%); H-7->L+1 (3%);  
H-6->L+1 (7%); H-4->L+1 (4%);  
H-2->L+10 (3%); H-1->L+1 (2%);  
H-1->L+14 (2%) 
9 41062.7762 243.529565 
0.0154 
H-6->LUMO (32%); H-2->LUMO (11%); 
H-6->L+6 (2%); H-5->LUMO (9%);  
H-5->L+2 (4%); H-1->LUMO (4%) 
10 41506.3842 240.926792 
0.0251 
H-5->LUMO (26%); H-3->LUMO (15%); 
H-7->LUMO (5%); H-6->LUMO (6%);  
H-6->L+2 (2%); H-4->LUMO (2%) 
 
Table S 19. Gaussian 09/GaussSum results for singlet-triplet transition of 54
S
 (M06 in dcm) 
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HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 21160.9082 472.56951 0 HOMO->LUMO (95%) 
2 26611.6406 375.775404 
0 
H-1->LUMO (70%); HOMO->L+1 (12%); 
H-16->LUMO (3%); H-2->LUMO (4%) 
3 27713.4016 360.836253 
0 
H-1->LUMO (13%); HOMO->L+1 (67%); 
HOMO->L+10 (4%); HOMO->L+15 (4%) 
4 28686.9195 348.590932 
0 
H-13->L+2 (6%); H-13->L+6 (5%);  
H-10->L+2 (4%); H-10->L+6 (3%);  
H-9->L+6 (3%); H-6->L+1 (3%);  
H-6->L+13 (6%); H-5->L+5 (5%);  
H-5->L+13 (9%); H-2->L+13 (4%) 
5 28741.7656 347.925738 
0 
H-14->L+2 (5%); H-14->L+3 (4%);  
H-13->L+6 (3%); H-10->L+6 (2%);  
H-9->L+2 (4%); H-8->L+11 (2%);  
H-6->L+5 (6%); H-6->L+11 (6%);  
H-5->L+1 (3%); H-5->L+11 (4%) 
6 28785.3198 347.399301 
0 
H-14->L+3 (3%); H-12->L+2 (3%);  
H-11->L+2 (2%); H-11->L+3 (5%);  
H-4->L+8 (7%); H-3->LUMO (5%);  
H-3->L+8 (9%); H-3->L+9 (5%);  
H-3->L+12 (2%) 
7 28847.425 346.651391 
0 
H-4->L+12 (18%); H-12->L+3 (5%);  
H-12->L+4 (8%); H-12->L+5 (4%);  
H-11->L+4 (7%); H-11->L+5 (4%);  
H-4->LUMO (6%); H-3->L+8 (4%);  
H-3->L+12 (8%) 
8 28944.2122 345.492216 
0 
H-15->L+9 (3%); H-14->LUMO (2%);  
H-14->L+2 (4%); H-14->L+9 (2%);  
H-10->L+9 (2%); H-9->LUMO (3%);  
H-9->L+3 (2%); H-9->L+8 (2%);  
H-9->L+9 (5%); H-8->L+6 (2%);  
H-8->L+10 (6%); H-7->L+10 (4%);  
H-4->L+10 (2%); H-3->L+10 (3%) 
9 29024.8682 344.532142 
0 
H-7->L+11 (10%); H-13->L+7 (5%);  
H-12->L+7 (2%); H-11->L+7 (4%);  
H-10->L+7 (9%); H-9->L+7 (3%);  
H-7->L+1 (2%); H-7->L+4 (2%);  
H-7->L+5 (4%); H-7->L+10 (2%);  
H-5->L+11 (4%) 
10 30412.9579 328.807215 
0 
H-15->LUMO (10%); H-2->LUMO (61%); 
H-9->LUMO (5%); H-8->LUMO (2%);  
H-6->LUMO (3%); H-5->LUMO (5%);  
H-3->LUMO (3%); H-1->LUMO (3%) 
 
Table S 20. Gaussian 09/GaussSum results for singlet-triplet transition of 54
S
 (CAM-B3LYP 
in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 20334.1842 491.782701 0 HOMO->LUMO (89%) 
2 25793.7888 387.690233 0 
H-16->LUMO (10%); H-1->LUMO (61%); 
H-6->LUMO (2%); H-4->LUMO (3%);  
H-2->LUMO (5%); HOMO->L+1 (3%) 
3 28253.7968 353.934732 0 HOMO->L+1 (54%); H-1->LUMO (3%); 
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HOMO->L+10 (8%); HOMO->L+13 (4%); 
HOMO->L+15 (5%) 
4 28735.3131 348.003864 0 
H-12->L+2 (5%); H-12->L+6 (2%);  
H-10->L+2 (4%); H-9->L+6 (2%);  
H-6->L+1 (3%); H-6->L+11 (4%);  
H-6->L+13 (5%); H-5->L+5 (5%);  
H-5->L+13 (4%); H-2->L+1 (2%);  
H-2->L+13 (3%) 
5 28759.5099 347.711071 0 
H-14->L+2 (2%); H-14->L+9 (3%);  
H-12->L+2 (2%); H-12->L+3 (3%);  
H-11->L+3 (4%); H-9->L+2 (5%);  
H-8->L+10 (2%); H-8->L+13 (3%);  
H-6->L+5 (2%); H-3->L+6 (4%);  
H-3->L+8 (2%) 
6 28767.5755 347.613583 0 
H-4->L+12 (15%); H-13->L+2 (2%);  
H-13->L+3 (5%); H-13->L+4 (7%);  
H-13->L+5 (5%); H-11->L+3 (4%);  
H-11->L+4 (6%); H-11->L+5 (3%);  
H-4->LUMO (2%); H-4->L+4 (3%);  
H-4->L+7 (3%); H-3->L+12 (8%) 
7 28802.2576 347.195006 0 
H-14->L+3 (5%); H-13->L+3 (3%);  
H-12->L+9 (3%); H-11->L+2 (5%);  
H-6->L+5 (2%); H-5->L+1 (3%);  
H-4->L+12 (3%); H-3->L+7 (6%);  
H-3->L+10 (2%) 
8 28894.2054 346.090154 0 
H-14->L+2 (5%); H-9->L+3 (2%);  
H-9->L+9 (5%); H-9->L+12 (3%);  
H-8->L+8 (2%); H-8->L+10 (5%);  
H-7->L+10 (4%); H-7->L+11 (3%);  
H-3->L+10 (2%) 
9 28962.763 345.270926 0 
H-10->L+8 (10%); H-12->L+8 (5%);  
H-11->L+8 (2%); H-9->L+8 (2%);  
H-8->L+1 (2%); H-8->L+10 (2%);  
H-7->L+1 (2%); H-7->L+4 (3%);  
H-7->L+5 (4%); H-7->L+11 (7%);  
H-7->L+13 (3%); H-6->L+11 (3%);  
H-5->L+11 (5%) 
10 30878.343 323.851574 0 
H-15->LUMO (56%); H-9->LUMO (18%); 
H-5->LUMO (4%); H-3->LUMO (6%) 
 
 
Table S 21. Coordinates of 54
S’
 (M06 in dcm) 
------------------------------------------------------------------- 
 Center     Atomic                   Forces (Hartrees/Bohr) 
 Number     Number              X              Y              Z 
 ------------------------------------------------------------------- 
      1       77           0.000007683   -0.000005318   -0.000005834 
      2       15          -0.000001085    0.000016808   -0.000002001 
      3       15          -0.000004910    0.000005985    0.000008820 
      4        8          -0.000002239   -0.000002936   -0.000005669 
      5        8           0.000002805   -0.000002418   -0.000015494 
      6        8          -0.000006683    0.000002681   -0.000011191 
      7        8           0.000003590   -0.000007018    0.000008637 
      8        8           0.000005386   -0.000000742    0.000003562 
      9        8          -0.000004568    0.000002644    0.000001394 
     10        6           0.000000999    0.000011267   -0.000001633 
     11        8           0.000001151    0.000001946    0.000002878 
     12       35          -0.000000879   -0.000005103   -0.000003947 
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     13        6           0.000002355    0.000003597    0.000009047 
     14        6           0.000004039    0.000002514    0.000011375 
     15        6           0.000005824    0.000003309    0.000008110 
     16        6           0.000006999    0.000002044    0.000013795 
     17        1           0.000004386    0.000000993    0.000010532 
     18        6           0.000005351    0.000004225    0.000012631 
     19        1           0.000009457    0.000005245    0.000009084 
     20        6           0.000005444    0.000002881    0.000015360 
     21        1           0.000006031    0.000002892    0.000015970 
     22        1           0.000006415    0.000003918    0.000013880 
     23        1           0.000007486    0.000003822    0.000018267 
     24        6          -0.000004411   -0.000005375    0.000004765 
     25        6          -0.000006526   -0.000003514    0.000002451 
     26        6          -0.000005651   -0.000000564    0.000009797 
     27        6          -0.000010510   -0.000008253    0.000003460 
     28        1          -0.000004688   -0.000005119   -0.000000135 
     29        6          -0.000002246   -0.000003772    0.000007558 
     30        1          -0.000000681   -0.000001686    0.000011967 
     31        6          -0.000006094   -0.000006086    0.000009524 
     32        1          -0.000009766   -0.000007376    0.000003324 
     33        1          -0.000005265   -0.000005290    0.000011350 
     34        1          -0.000009330   -0.000008573    0.000007268 
     35        6           0.000003623   -0.000003103    0.000005682 
     36        6           0.000000578   -0.000000026    0.000004206 
     37        6          -0.000006726   -0.000001736    0.000005289 
     38        6          -0.000000003   -0.000000579    0.000005743 
     39        1           0.000002498    0.000000687    0.000001783 
     40        6          -0.000001370   -0.000003158    0.000009244 
     41        1          -0.000004383   -0.000003746    0.000007494 
     42        6          -0.000000707   -0.000001310    0.000010450 
     43        1           0.000002222    0.000001159    0.000006638 
     44        1          -0.000004428   -0.000004545    0.000011647 
     45        1          -0.000001087   -0.000002122    0.000011397 
     46        6          -0.000000475    0.000002226   -0.000012300 
     47        6           0.000006601    0.000004068   -0.000014546 
     48        6           0.000001458    0.000002373   -0.000015526 
     49        6           0.000001632    0.000004490   -0.000017845 
     50        1           0.000006416    0.000007858   -0.000013907 
     51        6          -0.000001604    0.000000733   -0.000016542 
     52        1          -0.000007115   -0.000005059   -0.000013918 
     53        6           0.000000971    0.000002410   -0.000021270 
     54        1           0.000005785    0.000006101   -0.000019486 
     55        1          -0.000003669   -0.000000852   -0.000019888 
     56        1           0.000000723    0.000003244   -0.000022138 
     57        6           0.000007890    0.000004184   -0.000007893 
     58        6           0.000003214    0.000001977   -0.000009764 
     59        6           0.000004210    0.000002502   -0.000003087 
     60        6           0.000001366    0.000003393   -0.000006374 
     61        1           0.000001471    0.000002170   -0.000011027 
     62        6           0.000008040    0.000004404   -0.000002510 
     63        1           0.000011218    0.000004542   -0.000001236 
     64        6           0.000004174    0.000003452   -0.000003661 
     65        1           0.000002138    0.000003200   -0.000009172 
     66        1           0.000006609    0.000004977    0.000000435 
     67        1           0.000003792    0.000003859   -0.000003965 
     68        6           0.000003834   -0.000007717   -0.000006003 
     69        6          -0.000002042   -0.000002112   -0.000000822 
     70        6          -0.000006935   -0.000001043   -0.000002200 
     71        6          -0.000004033   -0.000001472    0.000000288 
     72        1           0.000000948   -0.000001214   -0.000001398 
     73        6          -0.000009936   -0.000009129   -0.000003773 
     74        1          -0.000007585   -0.000002769   -0.000008083 
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     75        6          -0.000005786   -0.000003482   -0.000001434 
     76        1          -0.000002943   -0.000002805    0.000003901 
     77        1          -0.000010278   -0.000007032   -0.000004577 
     78        1          -0.000010177   -0.000006626    0.000001245 
 ------------------------------------------------------------------- 
Table S 22. Energies of 54
S’
 (M06 in dcm) 
Zero-point correction=                           0.583950(Hartree/Particle) 
Thermal correction to Energy=                    0.627976 
Thermal correction to Enthalpy=                  0.628920 
Thermal correction to Gibbs Free Energy=         0.502045 
Sum of electronic and zero-point Energies=          -5314.447357 
Sum of electronic and thermal Energies=             -5314.403332 
Sum of electronic and thermal Enthalpies=           -5314.402387 
Sum of electronic and thermal Free Energies=        -5314.529262 
 
Table S 23. Gaussian 09/GaussSum results for singlet-singlet transition of 54
S’
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 26325.31184 379.862546768 0.0529 HOMO->LUMO (96%) 
2 29595.91264 337.884495121 0.0004 HOMO->L+1 (85%); HOMO->L+11 (4%) 
3 30872.69712 323.910799278 0.0045 
H-3->LUMO (15%); H-2->LUMO (19%);  
H-1->LUMO (59%); H-7->LUMO (2%) 
4 31862.34624 313.850082623 0.045 H-2->LUMO (67%); H-1->LUMO (24%) 
5 34666.75536 288.460800446 0.0521 
H-15->LUMO (18%); H-9->LUMO (11%);  
H-3->LUMO (50%); H-6->LUMO (2%);  
H-2->LUMO (4%); H-1->LUMO (7%) 
6 35128.91424 284.665786471 0.0029 
H-2->L+1 (36%); H-1->L+1 (46%) 
H-3->L+1 (2%) 
7 35450.73168 282.081625008 0.0581 
H-15->LUMO (17%); H-9->LUMO (13%);  
H-7->LUMO (16%); H-3->LUMO (24%);  
H-6->LUMO (7%); H-2->L+1 (4%);  
H-1->LUMO (5%); H-1->L+1 (4%) 
8 36648.47328 272.862662616 0.056 
H-2->L+1 (29%); H-1->L+1 (15%);  
HOMO->L+14 (17%); H-6->LUMO (3%);  
H-3->L+1 (9%); HOMO->L+5 (8%) 
9 36863.01824 271.274585681 0.0258 
H-6->LUMO (11%); HOMO->L+5 (17%); 
HOMO->L+14 (35%); H-4->LUMO (3%);  
H-3->L+1 (3%); H-2->L+1 (9%);  
H-1->L+1 (5%); HOMO->L+3 (3%) 
10 37002.55312 270.251622032 0.0253 
H-6->LUMO (25%); H-4->LUMO (49%);  
H-15->LUMO (2%); H-8->LUMO (3%);  
H-2->LUMO (3%); H-2->L+1 (2%);  
HOMO->L+14 (4%) 
 
Table S 24. Gaussian 09/GaussSum results for singlet-triplet transition of 54
S’
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 22119.908 452.08144627 0 HOMO->LUMO (95%) 
2 26773.7592 373.500035064 0 
H-2->LUMO (26%); H-1->LUMO (27%); 
HOMO->L+1 (32%); H-16->LUMO (2%) 
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3 27489.98448 363.768848516 0 
H-2->LUMO (16%); H-1->LUMO (17%); 
HOMO->L+1 (50%); HOMO->L+11 (2%) 
4 28413.49568 351.945431587 0 
H-15->L+10 (2%); H-12->L+10 (4%);  
H-9->LUMO (4%); H-9->L+6 (2%);  
H-9->L+10 (7%); H-7->L+13 (3%);  
H-6->L+13 (4%); H-3->L+12 (3%);  
H-3->L+13 (5%); H-1->L+1 (3%);  
H-1->L+12 (3%); H-1->L+13 (4%);  
HOMO->L+13 (2%) 
5 28682.08016 348.649747306 0 
H-12->L+2 (7%); H-12->L+4 (3%);  
H-12->L+8 (4%); H-12->L+11 (2%);  
H-9->L+2 (3%); H-9->L+8 (3%);  
H-6->L+9 (3%); H-6->L+13 (3%);  
H-3->L+2 (3%); H-3->L+9 (3%);  
H-3->L+13 (3%) 
6 28941.79248 345.52110091 0 
H-14->L+6 (8%); H-14->L+7 (3%);  
H-11->L+2 (4%); H-11->L+3 (2%);  
H-11->L+4 (5%); H-11->L+6 (6%);  
H-11->L+7 (2%); H-8->L+2 (2%);  
H-8->L+8 (2%); H-8->L+12 (3%);  
H-4->L+2 (7%); H-4->L+5 (4%);  
H-4->L+8 (8%); H-4->L+10 (3%);  
H-4->L+11 (3%); H-4->L+12 (5%);  
H-4->L+13 (3%) 
7 28944.21216 345.492216016 0 
H-13->L+3 (15%); H-5->L+5 (11%); 
H-13->L+7 (6%); H-10->L+3 (8%);  
H-6->L+5 (4%); H-6->L+9 (3%);  
H-6->L+10 (3%); H-5->L+2 (2%);  
H-5->L+8 (3%); H-5->L+9 (5%);  
H-5->L+10 (7%) 
8 29007.12384 344.742900232 0 
H-14->L+4 (16%); H-14->L+3 (2%);  
H-14->L+6 (3%); H-11->L+4 (5%);  
H-11->L+6 (7%); H-8->L+2 (3%);  
H-8->L+5 (3%); H-8->L+9 (4%);  
H-8->L+12 (2%); H-4->L+9 (2%);  
H-4->L+12 (5%) 
9 29079.71424 343.882333831 0 
H-10->L+7 (11%); H-13->L+3 (4%);   
H-13->L+7 (6%); H-12->L+7 (3%);  
H-11->L+7 (3%); H-10->L+3 (3%);  
H-10->L+6 (3%); H-8->L+11 (3%);  
H-7->L+1 (2%); H-7->L+5 (5%);  
H-7->L+11 (6%); H-5->L+5 (2%);  
H-5->L+11 (5%); H-3->L+11 (2%) 
10 30098.39952 332.243579708 0 
H-3->LUMO (13%); H-2->LUMO (44%);  
H-1->LUMO (33%); H-4->LUMO (2%) 
 
Table S 25. Coordinates of 54
S”
 (M06 in dcm) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1         77           0        0.154481    0.290028   -0.366536 
      2         15           0        2.420228   -0.076897   -0.357568 
      3         15           0       -2.131993    0.462808   -0.251233 
      4          8           0        3.013571   -0.315248   -1.865571 
      5          8           0        3.420232    1.057685    0.299603 
      6          8           0        3.064651   -1.399967    0.360813 
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      7          8           0       -2.929829   -0.643666    0.665686 
      8          8           0       -2.955770    0.410987   -1.679706 
      9          8           0       -2.687563    1.863030    0.373639 
     10          6           0        0.091855   -0.007733   -2.171248 
     11          8           0        0.045171   -0.178045   -3.316353 
     12          6           0        4.360953   -0.587703   -2.110088 
     13          6           0        5.246079    0.467098   -2.297694 
     14          6           0        4.770362   -1.911106   -2.224295 
     15          6           0        6.574154    0.184488   -2.606408 
     16          1           0        4.892803    1.496858   -2.212957 
     17          6           0        6.100250   -2.179576   -2.534953 
     18          1           0        4.043410   -2.711340   -2.072895 
     19          6           0        7.003974   -1.135393   -2.723079 
     20          1           0        7.277789    1.006259   -2.757193 
     21          1           0        6.431258   -3.216448   -2.628569 
     22          1           0        8.046831   -1.351676   -2.965703 
     23          6           0        3.114926    2.409878    0.259514 
     24          6           0        3.372502    3.143379    1.412070 
     25          6           0        2.601363    3.015584   -0.884348 
     26          6           0        3.111943    4.509110    1.419035 
     27          1           0        3.763032    2.625777    2.291165 
     28          6           0        2.332366    4.383301   -0.858582 
     29          1           0        2.411599    2.429053   -1.787793 
     30          6           0        2.587693    5.132032    0.286641 
     31          1           0        3.312987    5.090141    2.322064 
     32          1           0        1.922282    4.863061   -1.750216 
     33          1           0        2.378579    6.203915    0.297943 
     34          6           0        2.865744   -1.685767    1.710242 
     35          6           0        1.838415   -2.547973    2.070824 
     36          6           0        3.733782   -1.144158    2.650959 
     37          6           0        1.676826   -2.870766    3.415158 
     38          1           0        1.169402   -2.945145    1.301461 
     39          6           0        3.558816   -1.474223    3.991921 
     40          1           0        4.533187   -0.477478    2.321505 
     41          6           0        2.531990   -2.334577    4.375664 
     42          1           0        0.869511   -3.544988    3.712073 
     43          1           0        4.234855   -1.056448    4.741672 
     44          1           0        2.399916   -2.590933    5.429376 
     45          6           0       -2.415469   -1.895055    0.976137 
     46          6           0       -1.963930   -2.766552   -0.010822 
     47          6           0       -2.421312   -2.261423    2.317229 
     48          6           0       -1.508284   -4.029422    0.364157 
     49          1           0       -1.976196   -2.472930   -1.064554 
     50          6           0       -1.976984   -3.529557    2.675710 
     51          1           0       -2.775077   -1.544100    3.060608 
     52          6           0       -1.515985   -4.415509    1.702381 
     53          1           0       -1.153136   -4.718722   -0.405270 
     54          1           0       -1.986743   -3.824156    3.727863 
     55          1           0       -1.166051   -5.410263    1.987964 
     56          6           0       -4.047680    2.112568    0.544386 
     57          6           0       -4.753963    2.748946   -0.469952 
     58          6           0       -4.648397    1.767935    1.749945 
     59          6           0       -6.102374    3.034129   -0.270902 
     60          1           0       -4.241701    3.013841   -1.397077 
     61          6           0       -5.997566    2.057665    1.934485 
     62          1           0       -4.051243    1.287833    2.528035 
     63          6           0       -6.726160    2.685390    0.925289 
     64          1           0       -6.668184    3.534662   -1.059987 
     65          1           0       -6.481719    1.793430    2.877401 
     66          1           0       -7.784393    2.910997    1.074962 
     67          6           0       -3.795997   -0.607533   -2.106036 
     68          6           0       -5.005912   -0.857706   -1.464872 
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     69          6           0       -3.401180   -1.339915   -3.221780 
     70          6           0       -5.820752   -1.878973   -1.946193 
     71          1           0       -5.300648   -0.259956   -0.598764 
     72          6           0       -4.230623   -2.352755   -3.695360 
     73          1           0       -2.448847   -1.108714   -3.705128 
     74          6           0       -5.436863   -2.629135   -3.055610 
     75          1           0       -6.768781   -2.085850   -1.444100 
     76          1           0       -3.927516   -2.932407   -4.570370 
     77          1           0       -6.083368   -3.428100   -3.425310 
     78         35           0        0.197614    0.791167    2.115572 
 --------------------------------------------------------------------- 
 
Table S 26. Energies of 54
S”
 (M06 in dcm) 
Zero-point correction=                           0.582191(Hartree/Particle) 
Thermal correction to Energy=                    0.626037 
Thermal correction to Enthalpy=                  0.626981 
Thermal correction to Gibbs Free Energy=         0.497686 
Sum of electronic and zero-point Energies=          -5314.453464 
Sum of electronic and thermal Energies=             -5314.409619 
Sum of electronic and thermal Enthalpies=           -5314.408674 
Sum of electronic and thermal Free Energies=        -5314.537969 
 
Table S 27. Gaussian 09/GaussSum results for singlet-singlet transition of 54
S”
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) 
Osc. 
Strength 
Orbitals 
1 26569.69952 376.368577013 0.067 HOMO->LUMO (96%) 
2 29779.80832 335.797997507 0.0026 
HOMO->L+1 (85%); HOMO->L+13 (4%); 
HOMO->L+15 (3%) 
3 30724.29008 325.475380357 0.0021 H-2->LUMO (90%); H-8->LUMO (2%) 
4 31459.8728 317.86523943 0.0363 H-1->LUMO (90%) 
5 34785.31968 287.477593766 0.0029 
H-1->L+1 (82%); H-3->L+1 (3%);  
H-1->L+13 (3%) 
6 35049.0648 285.314317431 0.0832 
H-15->LUMO (16%); H-10->LUMO (23%); 
H-7->LUMO (17%); H-6->LUMO (12%);  
H-2->L+1 (13%); H-5->LUMO (3%);  
H-4->LUMO (3%) 
7 36208.09152 276.181361132 0.0808 
H-3->LUMO (10%); H-2->L+1 (64%);  
H-15->LUMO (2%); H-10->LUMO (3%);  
H-7->LUMO (3%) 
8 36508.13184 273.911577942 0.0272 
H-3->LUMO (74%); H-6->LUMO (6%);  
H-4->LUMO (5%); H-2->L+1 (5%) 
9 37100.14688 269.540711856 0.0089 
H-4->LUMO (71%); H-10->LUMO (2%);  
H-8->LUMO (4%); H-7->LUMO (5%);  
H-5->LUMO (6%); H-3->LUMO (4%) 
10 37138.0552 269.265580714 0.0049 
HOMO->L+3 (24%); HOMO->L+14 (51%); 
HOMO->L+2 (4%); HOMO->L+4 (9%); 
HOMO->L+8 (2%) 
 
Table S 28. Gaussian 09/GaussSum results for singlet-triplet transition of 54
S”
 (M06 in dcm) 
HOMO 
is 186      
No. Energy (cm-1) Wavelength (nm) Osc. Orbitals 
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Strength 
1 22077.16032 452.956804909 0 HOMO->LUMO (95%) 
2 26663.26048 375.047905619 0 
H-1->LUMO (69%); HOMO->L+1 (15%); 
H-16->LUMO (3%); H-3->LUMO (4%) 
3 27573.06016 362.672838705 0 
H-1->LUMO (16%); HOMO->L+1 (67%); 
HOMO->L+13 (3%); HOMO->L+15 (4%) 
4 28597.39136 349.682244584 0 
H-15->L+6 (2%); H-13->L+4 (4%);  
H-13->L+6 (4%); H-10->LUMO (2%);  
H-10->L+6 (2%); H-8->L+11 (3%);  
H-4->L+1 (3%); H-4->L+3 (2%);  
H-4->L+9 (6%); H-4->L+11 (5%) 
5 28664.33584 348.865574832 0 
H-10->L+12 (2%); H-9->L+6 (2%);  
H-9->L+7 (2%); H-9->L+8 (3%);  
H-9->L+10 (4%); H-9->L+11 (8%);  
H-8->L+12 (4%); H-6->L+12 (2%);  
H-3->L+11 (2%); H-3->L+12 (6%);  
H-2->LUMO (5%); H-2->L+12 (5%) 
6 28761.9296 347.681818956 0 
H-3->L+13 (14%); H-13->L+7 (2%);  
H-13->L+10 (2%); H-9->L+7 (2%);  
H-6->L+13 (4%); H-3->L+1 (4%);  
H-3->L+9 (2%) 
7 28914.36944 345.848800914 0 
H-11->L+2 (12%); H-5->L+9 (10%);  
H-14->L+2 (8%); H-14->L+7 (3%);  
H-14->L+8 (5%); H-11->L+8 (3%);  
H-5->L+2 (2%); H-5->L+4 (9%);  
H-5->L+6 (6%); H-5->L+8 (5%);  
H-5->L+10 (2%) 
8 29047.45184 344.26427678 0 
H-14->L+2 (5%); H-14->L+4 (5%);  
H-14->L+7 (6%); H-14->L+8 (4%);  
H-11->L+2 (3%); H-11->L+4 (4%);  
H-11->L+7 (8%); H-11->L+8 (6%);  
H-8->L+1 (2%); H-8->L+3 (3%);  
H-8->L+10 (6%); H-8->L+11 (3%);  
H-7->L+10 (2%); H-4->L+1 (2%);  
H-4->L+3 (2%); H-4->L+10 (7%);  
H-4->L+11 (4%) 
9 29176.50144 342.741573062 0 
H-12->L+5 (29%); H-13->L+5 (6%);  
H-12->L+7 (2%); H-8->L+3 (2%);  
H-7->L+3 (6%); H-7->L+6 (4%);  
H-7->L+12 (2%); H-6->L+3 (6%);  
H-6->L+6 (5%); H-6->L+12 (3%) 
10 29888.69392 334.574673178 0 
H-2->LUMO (81%); H-8->LUMO (3%);  
H-6->LUMO (2%) 
 
Table S 29. Vertical transitions with departure and arrival orbitals (orbital contribution >5 %) 
and their percent contribution of each group to the MO’s of 53S and 54S (M06 in dcm). 
(P(OPh)3)2(CO)IrCl singlet transitions 
in % 
(P(OPh)3)2(CO)IrBr singlet transitions 
in % 
HOMO->LUMO (96%) 
398 nm, Osc. 0.0867 
 Ir P Cl CO 
Departure 92 0 0 1 
arrival 39 30 2 11 
 
HOMO->LUMO (97%) 
387 nm, Osc. 0.0862 
 Ir P Br CO 
Departure 87 0 0 2 
arrival 38 27 3 12 
 
HOMO->L+1 (83%), HOMO->L+10 (6%) 
346 nm, Osc. 0.0018 
HOMO->L+1 (83%), HOMO->L+10 (5%) 
334 nm, Osc. 0.0013 
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 Ir P Cl CO 
Departure 82 0 0 1 
arrival 29 18 4 5 
 
 Ir P Br CO 
departure 79 0 0 2 
arrival 29 18 6 5 
 
H-1->LUMO (88%), H-4->LUMO (5%) 
310 nm, Osc. 0.0321 
 Ir P Cl CO 
Departure 38 1 23 12 
arrival 36 28 2 10 
 
H-1->LUMO (86%) 
322 nm, Osc. 0.0304 
 Ir P Br CO 
departure 29 1 36 9 
arrival 34 24 3 10 
 
H-2->LUMO (52%), H-9->LUMO (14%),  
H-6->LUMO (7%), H-3->LUMO (7%),  
H-4->LUMO (6%), H-7->LUMO (5%)  
300 nm, Osc. 0.0245 
 Ir P Cl CO 
Departure 12 3 11 1 
arrival 35 27 2 10 
 
H-2->LUMO (81%) 
318 nm, Osc. 0.0087 
 
 
 Ir P Br CO 
departure 12 3 36 2 
arrival 32 23 2 10 
 
H-3->LUMO (33%), H-7->LUMO (19%),  
H-15->LUMO (10%), H-9->LUMO (7%), 
H-14->LUMO (6%), H-4->LUMO (6%),  
H-5->LUMO (5%) 
290 nm, Osc. 0.1951 
 Ir P Cl CO 
Departure 12 2 4 0 
arrival 34 26 2 9 
 
H-3->LUMO (37%), H-15->LUMO (18%),  
H-9->LUMO (17%), H-8->LUMO (10%),  
H-5->LUMO (7%) 
292 nm, Osc. 0.2214 
 
 Ir P Br CO 
departure 15 2 0 0 
arrival 36 25 3 11 
 
H-1->L+1 (74%), H-4->L+1 (8%),  
H-1->L+10 (5%) 
275 nm, Osc. 0.0043 
 Ir P Cl CO 
Departure 6 1 3 0 
arrival 28 18 4 5 
 
H-1->L+1 (79%) 
281 nm, Osc. 0.0028 
 
 Ir P Br CO 
departure 27 1 33 9 
arrival 27 17 6 5 
 
H-3->LUMO (36%), H-5->LUMO (29%),  
H-4->LUMO (22%) 
272 nm, Osc. 0.0154 
 Ir P Cl CO 
Departure 6 1 2 1 
arrival 34 26 2 10 
 
H-5->LUMO (60%), H-3->LUMO (16%), 
H-6->LUMO (15%) 
277 nm, Osc. 0.0092 
 Ir P Br CO 
departure 5 1 4 0 
arrival 36 25 3 11 
 
HOMO->L+14 (36%), H-6->LUMO (16%),  
H-4->LUMO (8%), HOMO->L+2 (6%),  
H-9->LUMO (6%), HOMO->L+5 (5%) 
269 nm, Osc. 0.0012 
 Ir P Cl CO 
Departure 46 1 3 1 
arrival 17 10 1 32 
 
H-6->LUMO (38%), H-4->LUMO (26%),  
H-3->LUMO (17%), H-2->LUMO (7%) 
276 nm, Osc. 0.016 
 
 Ir P Br CO 
departure 5 1 11 1 
arrival 35 25 3 11 
 
HOMO->L+14 (30%), H-6->LUMO (19%),  
H-9->LUMO (11%), H-2->LUMO (10%),  
H-5->LUMO (8%), HOMO->L+5 (5%) 
268 nm, Osc. 0.005 
 Ir P Cl CO 
Departure 37 1 6 1 
arrival 23 15 1 29 
 
H-4->LUMO (37%), H-6->LUMO (36%),  
H-5->LUMO (17%) 
272 nm, Osc. 0.0029 
 
 Ir P Br CO 
departure 4 1 6 1 
arrival 36 25 3 11 
 
H-5->LUMO (42%), H-4->LUMO (20%),  
H-2->LUMO (16%), H-9->LUMO (12%) 
268 nm, Osc. 0.0136 
 
 
 Ir P Cl CO 
Departure 8 2 7 1 
arrival 35 27 2 10 
 
H-8->LUMO (21%), H-3->LUMO (21%),  
H-4->LUMO (17%), H-2->L+1 (10%),  
H-9->LUMO (8%), H-5->LUMO (6%),  
H-7->LUMO (5%) 
268 nm, Osc. 0.0245 
 Ir P Br CO 
departure 8 1 6 1 
arrival 34 24 3 10 
 
H-7->LUMO (39%), H-4->LUMO (17%),  
H-3->LUMO (12%), H-2->LUMO (8%),  
H-5->LUMO (6%) 
264 nm, Osc. 0.0197 
H-2->L+1 (54%), HOMO->L+14 (9%),  
H-8->LUMO (9%), H-6->L+1 (5%) 
264 nm, Osc. 0.0166 
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 Ir P Cl CO 
Departure 14 2 3 1 
arrival 32 25 2 9 
 
 Ir P Br CO 
departure 18 2 25 2 
arrival 25 16 4 12 
 
HOMO->L+2 (53%), HOMO->L+3 (15%),  
HOMO->L+14 (10%) 
262 nm, Osc. 0.0001 
 Ir P Cl CO 
Departure 72 0 0 1 
arrival 3 1 0 8 
 
H-7->LUMO (66%), HOMO->L+14 (13%),  
H-4->LUMO (8%) 
263 nm, Osc. 0.0038 
 Ir P Br CO 
departure 14 1 5 1 
arrival 31 21 2 19 
 
H-6->LUMO (39%), H-9->LUMO (22%),  
H-4->LUMO (11%), H-7->LUMO (9%),  
H-8->LUMO (6%) 
261 nm, Osc. 0.0047 
 Ir P Cl CO 
Departure 9 2 10 1 
arrival 34 26 2 10 
 
HOMO->L+14 (53%), H-7->LUMO (11%),  
H-2->L+1 (7%), HOMO->L+5 (6%) 
262 nm, Osc. 0.0064 
 
 Ir P Br CO 
departure 54 0 4 2 
arrival 14 6 1 43 
 
H-2->L+1 (26%), H-7->L+1 (20%),  
H-15->L+1 (9%), H-6->L+1 (6%),  
H-14->L+1 (5%)  
259 nm, Osc. 0.0253 
 Ir P Cl CO 
Departure 12 2 4 0 
arrival 22 15 3 4 
 
H-9->LUMO (54%), H-8->LUMO (33%) 
259 nm, Osc. 0.0015 
 
 
 Ir P Br CO 
departure 13 2 0 0 
arrival 35 24 3 10 
 
HOMO->L+5 (21%), H-8->LUMO (14%),  
HOMO->L+6 (13%), HOMO->L+8 (13%) 
259 nm, Osc. 0.0076 
 Ir P Cl CO 
Departure 44 0 1 0 
arrival 7 6 0 2 
 
H-10->LUMO (75%), HOMO->L+2 (8%),  
H-13->LUMO (5%) 
254 nm, Osc. 0.0022 
 Ir P Br CO 
departure 8 0 0 0 
arrival 32 22 2 10 
 
(P(OPh)3)2(CO)IrCl triplet transitions 
in % 
(P(OPh)3)2(CO)IrBr triplet transitions 
in % 
HOMO->LUMO (95%) 
490 nm 
 Ir P Cl CO 
Departure 87 0 0 1 
arrival 37 29 2 10 
 
HOMO->LUMO (95%) 
473 nm 
 Ir P Br CO 
departure 86 0 0 2 
arrival 38 27 3 11 
 
HOMO->L+1 (72%), H-1->LUMO (6%),  
HOMO->L+10 (6%),  
380 nm 
 Ir P Cl CO 
Departure 74 0 2 2 
arrival 27 18 4 5 
 
H-1->LUMO (70%), HOMO->L+1 (12%) 
376 nm 
 
 Ir P Br CO 
departure 35 1 29 8 
arrival 32 22 3 9 
 
H-1->LUMO (72%), H-4->LUMO (7%),  
HOMO->L+1 (7%) 
358 nm 
 Ir P Cl CO 
Departure 38 1 19 10 
arrival 33 25 2 9 
 
HOMO->L+1 (67%), H-1->LUMO (13%) 
361 nm 
 
 Ir P Br CO 
departure 65 0 5 3 
arrival 28 18 5 6 
 
H-13->L+2 (8%), H-10->L+2 (5%),  
349 nm 
 
 
 Ir P Cl CO 
Departure 0 0 0 0 
arrival 0 0 0 0 
 
H-5->L+13 (9%), H-13->L+2 (6%),  
H-6->L+13 (6%), H-13->L+6 (5%),  
H-5->L+5 (5%) 
349 nm 
 Ir P Br CO 
departure 1 0 1 0 
arrival 2 0 0 0 
 
H-14->L+3 (7%), H-14->L+2 (6%),  
H-5->L+6 (5%), H-5->L+11 (8%)  
348 nm 
 Ir P Cl CO 
Departure 2 0 0 0 
H-6->L+5 (6%), H-14->L+2 (5%),  
H-6->L+11 (6%) 
348 nm 
 Ir P Br CO 
departure 1 0 2 0 
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arrival 1 0 0 0 
 
arrival 0 0 0 0 
 
H-3->L+8 (10%)  
347 nm 
 
 
 Ir P Cl CO 
Departure 1 0 0 0 
arrival 1 1 0 0 
 
H-3->L+8 (9%), H-4->L+8 (7%),  
H-11->L+3 (5%), H-3->LUMO (5%),  
H-3->L+9 (5%) 
347 nm 
 Ir P Br CO 
departure 2 0 0 0 
arrival 3 2 0 1 
 
H-11->L+4 (16%), H-4->L+13 (10%),  
H-12->L+4 (6%), H-2->L+13 (6%),  
H-4->LUMO (5%) 
346 nm 
 Ir P Cl CO 
Departure 2 0 1 0 
arrival 3 2 0 1 
 
H-4->L+12 (18%), H-12->L+4 (8%),  
H-3->L+12 (8%), H-11->L+4 (7%),  
H-4->LUMO (6%), H-12->L+3 (5%) 
347 nm 
 Ir P Br CO 
departure 1 0 1 0 
arrival 3 2 0 1 
 
H-15->L+9 (6%), H-10->L+9 (5%) 
345 nm 
 Ir P Cl CO 
Departure 2 0 0 0 
arrival 0 0 0 0 
 
H-8->L+10 (6%), H-9->L+9 (5%) 
346 nm 
 Ir P Br CO 
departure 2 0 0 0 
arrival 1 0 0 0 
 
H-13->L+7 (6%), H-10->L+7 (6%),  
H-6->L+11 (5%) 
344 nm 
 Ir P Cl CO 
Departure 1 0 1 0 
arrival 0 0 0 0 
 
H-7->L+11 (10%), H-10->L+7 (9%),  
H-13->L+7 (5%) 
345 nm 
 Ir P Br CO 
departure 0 0 1 0 
arrival 0 0 0 0 
 
H-7->LUMO (26%), H-2->LUMO (20%),  
H-15->LUMO (16%), H-14->LUMO (9%),  
H-5->LUMO (6%), H-6->LUMO (5%)  
327 nm 
 Ir P Cl CO 
Departure 15 2 3 0 
arrival 32 25 2 9 
 
HOMO->L+1 (83%), HOMO->L+10 (5%) 
334 nm 
 
 
 Ir P Br CO 
departure 79 0 0 2 
arrival 29 18 6 5 
 
H-2->LUMO (28%), H-3->LUMO (26%), 
H-9->LUMO (15%), H-4->LUMO (10%) 
306 nm 
 Ir P Cl CO 
Departure 9 2 9 1 
arrival 31 24 2 9 
 
H-2->LUMO (61%), H-15->LUMO (10%), 
H-9->LUMO (5%), H-5->LUMO (5%) 
329 nm 
 Ir P Br CO 
departure 15 3 28 2 
arrival 32 23 2 10 
 
H-1->L+1 (68%), H-4->L+1 (8%),  
H-1->L+10 (6%)  
295 nm 
 
 Ir P Cl CO 
Departure 33 1 20 10 
arrival 26 17 4 5 
 
H-15->LUMO (26%), H-2->LUMO (21%),  
H-9->LUMO (13%), H-8->LUMO (10%),  
H-3->LUMO (10%) 
323 nm 
 Ir P Br CO 
departure 19 3 9 1 
arrival 32 22 2 10 
 
H-5->LUMO (36%), H-3->LUMO (9%) 
287 nm 
 Ir P Cl CO 
Departure 2 0 0 0 
arrival 18 14 1 5 
 
H-1->L+1 (73%), H-1->L+10 (5%) 
301 nm 
 Ir P Br CO 
departure 27 1 33 9 
arrival 26 16 5 5 
 
H-6->LUMO (21%), H-9->LUMO (8%),  
H-4->LUMO (8%), H-5->L+2 (5%),  
H-2->LUMO (5%) 
285 nm 
 Ir P Cl CO 
Departure 4 1 5 1 
arrival 16 13 1 5 
 
H-5->LUMO (30%), H-6->LUMO (27%) 
291 nm 
 
 
 Ir P Br CO 
departure 3 1 5 0 
arrival 23 16 2 7 
 
H-6->LUMO (21%), H-9->LUMO (8%),  
H-4->LUMO (8%), H-5->L+2 (5%),  
H-2->LUMO (5%) 
H-6->LUMO (27%), H-5->LUMO (18%),  
H-3->LUMO (11%), H-7->LUMO (5%) 
289 nm 
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285 nm 
 Ir P Cl CO 
Departure 4 1 5 1 
arrival 16 13 1 5 
 
 
 Ir P Br CO 
departure 3 1 5 0 
arrival 24 17 2 7 
 
H-9->LUMO (14%), H-3->LUMO (13%),  
H-8->LUMO (6%), H-4->LUMO (6%) 
282 nm 
 Ir P Cl CO 
Departure 4 0 5 1 
arrival 15 12 1 4 
 
H-4->LUMO (18%), H-8->LUMO (16%),  
H-3->LUMO (15%), H-6->LUMO (5%) 
285 nm 
 Ir P Br CO 
departure 4 1 2 0 
arrival 22 15 2 6 
 
 
 
Figure S 1. DFT model structures 53
S’
, 53
S”
, 54
S’
 and 54
S”
 (M06 in dcm). 
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Figure S 2. UV-vis absorption spectrum of 53 and 54 in dichloromethane (black line) and 
TDDFT (CAM-B3LYP, smd) vertical transitions (red vertical lines, height corresponds to the 
oscillator strength) for a) 53
S
 and b) 54
S
 in dichloromethane. Yellow circles mark calculated 
triplet transitions and green triangles mark calculated dark (oscillator strength < 0.01) singlet 
transitions.  
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Figure S 3. UV-vis absorption spectrum of 53 and 54 in dichloromethane (black line) and 
TDDFT (M06, smd) vertical transitions (red vertical lines, height corresponds to the oscillator 
strength) for a) 53
S’
, b) 53
S”
, c) 54
S’
 and d) 54
S”
 in dichloromethane. Yellow circles mark 
calculated triplet transitions and green triangles mark calculated dark (oscillator strength < 
0.01) singlet transitions.  
 
Figure S 4. HOMO-1, HOMO and LUMO molecular orbital representations of 54
S
 with an 
isovalue of 0.052 (Phenyl rings omitted for clarity). 
Table S 30. LUMO representation (isovalue = 0.052) of 53
S
, 53
S’
 and 53
S”
 (atom colors: 
green = Cl, black = Ir, yellow = P, red = O and grey = C). 
53
S
 53
S’
 53
S”
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Table S 31. HOMO representation (isovalue = 0.052) of 53
S
, 53
S’
 and 53
S”
 (atom colors: 
green = Cl, black = Ir, yellow = P, red = O and grey = C). 
53
S
 53
S’
 53
S” 
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Table S 32. LUMO representation (isovalue = 0.052) of 54
S
, 54
S’
 and 54
S”
 (atom colors: 
purple = Br, black = Ir, yellow = P, red = O and grey = C). 
54
S
 54
S’
 54
S”
 
   
   
 
  
 
  
 
 
Table S 33. HOMO representation (isovalue = 0.052) of 54
S
, 54
S’
 and 54
S”
 (atom colors: 
purple = Br, black = Ir, yellow = P, red = O and grey = C). 
54
S
 54
S’
 54
S”
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Table S 34. Electronic density difference map (eddm, isovalue = 0.003) analysis of 53
S’
 (M06 
in dcm). The red is where electron density is lost due to the transition and the blue is where it 
is gained (Phenyl rings omitted for clarity, atom colors: green = Cl, black = Ir, yellow = P, red 
= O and grey = C). 
Singlet 
transition 
Figure of eddm singlet Figure of eddm triplet 
Triplet 
transition 
387.85 nm 
f = 0.0669 
 
 
 
467.98 nm 
 
351.99 nm 
f = 0.0042 
 
 
 
385.75 nm 
 
302.10 nm 
f = 0.0212 
 
 
 
353.75 nm 
 
300.68 nm 
f = 0.0143 
 
  
318.71 nm 
 
279.07 nm 
f = 0.0033 
  
307.78nm 
 
Table S 35. Calculated 
31
P NMR (CH2Cl2) for 53
S
 (CSGT method). 
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Magnetic shielding (ppm): 
      1  P    Isotropic =   200.7843   Anisotropy =   249.3858 
   XX=   358.7915   YX=    41.2974   ZX=    -5.8303 
   XY=    48.2439   YY=   123.0569   ZY=     2.7393 
   XZ=    -0.1586   YZ=    -1.9857   ZZ=   120.5045 
   Eigenvalues:   114.6967   120.6147   367.0415 
      2  P    Isotropic =   202.5766   Anisotropy =   243.9925 
   XX=   362.9673   YX=     9.4878   ZX=    20.4226 
   XY=    28.8722   YY=   115.4166   ZY=    -2.7295 
   XZ=     7.0724   YZ=     2.1222   ZZ=   129.3458 
   Eigenvalues:   113.8146   128.6769   365.2383 
 
Table S 36. Calculated 
31
P NMR (CH2Cl2) for 54
S
 (CSGT method). 
Magnetic shielding (ppm): 
      1  P    Isotropic =   200.9009   Anisotropy =   246.8718 
   XX=   356.8228   YX=    41.1705   ZX=    -2.5916 
   XY=    50.8819   YY=   120.5800   ZY=     3.2311 
   XZ=     5.3733   YZ=    -2.1396   ZZ=   125.2999 
   Eigenvalues:   111.9238   125.2968   365.4821 
      2  P    Isotropic =   201.3461   Anisotropy =   245.9943 
   XX=   362.1163   YX=    17.5240   ZX=    17.5577 
   XY=    34.1863   YY=   110.5856   ZY=    -6.1358 
   XZ=     6.9768   YZ=    -1.7543   ZZ=   131.3363 
   Eigenvalues:   106.8413   131.8548   365.3423 
 
Table S 37. Calculated 31P NMR (CH2Cl2) for PMe3  (CSGT method). 
Magnetic shielding (ppm): 
      1  P    Isotropic =   444.9630   Anisotropy =    21.1824 
   XX=   459.0847   YX=     0.0000   ZX=     0.0000 
   XY=     0.0000   YY=   458.8667   ZY=     0.4564 
   XZ=     0.0000   YZ=     0.4525   ZZ=   416.9378 
   Eigenvalues:   416.9329   458.8716   459.0847 
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